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TION OF TAILWATER AT. 
PRAIRIE DU SAC DAM 


BY rc. NN. Warp,! M. ASCE, AND HENRY J. HUNT,? Esq. | 


= 


The hydroelectric poner plant at du u Sac, Wis., 


end of ‘the river bottom 1 downstream fi the plant became obvious a few years 


half of the spillway section of the dam when constructed, ‘the 1 recession of f the 


_tailwater level not until 1920 we the island had been com- 


later. Because of the presence of a | 


as an old ilies fo two highway a 


_ gravel shoals over certain river stretches conned the rate of recession to decrease — 
to 0.10 ft per yr from 1932 to 1936, inclusive, and to practically a stable condition 
1937 to 1944, inclusive. During 1929 hy rdraulic model tests were made to 

"determine a a method of reducing exee excessive erosion of the river bed miei 


Expensive and extensive of improvement were not considered in 


- first study because a new aan er dam \ was then under consideration which © 
would, d, when constructed, restore tailwater levels at Prairie du Sac. Model 


pected. A wooden designed on the basis of model tests was 


_ Nots.—Written comments are invited for immediate publication; to insure publication eee last die 
e 1 Partner, Clayton N. Ward-John A. Strand, Cons. Engrs., Madison, Wis.; formerly Partner, oh 
? Partner, Mead and Hunt, Cons. Engrs., Madison, Wis. sfemely Partner, Mead, Ward & Hunt, Cons. 
*“Construction of the Prairie du Sac Power Plant,” Record, May 31, 1913, p. 603. 


***Method of Constructing a Hydro-Electric Power House and Dam on Sand Foundation,” ‘Sate 
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Overflow E1,738.0 x Water Le Level. 
90000 Cu Ft per Sec 
£17505, 1938 
742.0, Low Tailwater 


Eleyation, in Feet 
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Pan CuFtperSec ister 75000 Cu Ft per Sec 
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ottom Sept.1941 


ae In 1933 it was decided that a new dam would not be constructed i in the near 


a - future downstream from Prairie du Sac and that works would be designed and 


a constructed at the site to reduce erosion n further and to i _— ve other unfavor- 


run to det determine a a basis for or design o ofa: an n improvement which would be be complete 


‘This paper briefly describes the model tests and types of improvements 
g and. presents a general comparison of performance of models with that 


‘aa 


40 _ There is an earth embankment about 1, 700 ft long on on the east side of the 
2 _ fiver. _ In the main channel there are forty-one Tainter gates (20 ft wide by 14 | 


ft high) with 4-ft piers, a lock 
wide, a closed dam and sluices 38 TABLE 1.—Tarwarer Discnarce 


Hong, and a powerhouse 329 ft long. aT PRAIRIE Wis. 
Profiles. of the river bottom down- 
DiscuarGe (Cu Fr PER Sxc) 


stream from n the « dam in a region of _Tailwater 
maximum bed cutting are shown in 1 


Rig. 1. Fig. . , which was used as = =... 
sheet in recording the direction 5 | 1,500 
some of the 1933 model tests, is a di- 30 
structures of the plant and the con- 750 
tours of the river bottom as of 1932. = aL. 
— i |The: most serious erosion of the bot- | 40,500 


“to 41 and near the east si side of the 
." Tock, The « deepest erosion extended 54 ft _— the top of the original apron. 
“Tailwater discharge” curves are shown for the period from 1909 to 1931 i in 
During this time about 8 ft for. A a flow. of 5, 5, 000 
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: cu ft per sec and 3.3 ft iia of 50, 000. cu ft per sec. 

‘ recession sn oo in 1914 so that the rate for 5,000 cu ft per sec _— 0.34 ft per yr; __ 


had dass sides permitting pr inspection of flow ¢ conditions on the of 
the dam for a distance of 70 ft (on prototype) downstream from the end of the 
“apron, All measurements in the tests were recorded and are referred to in 
terms of units applicable to the prototype. Two venturi meters (4 in. and 8 
‘in. n.) W were ve used tor measure the flow of water. 7 Water w was s admitted to the space 


- the water to flow to the gates smoothly. A . gate used at the downstream end E 


of the box to control tailw rater levels was designed to allow water to discharge 


The control gate was of the register type consisting of two wooden members, nad 
each having rectangular orifices, all the same height and arranged i in horisontel 


rows with different spacing at various depths. One member was fixed; and the i _ 
aa other was placed i in contact with it and was vertically adjustable. | _ The orifices 
were designed to discharge wa water at different levels, thus ; giving a normal ver- , 
~ tical ul velocity | distribution i in the model for the average conditions to be tested. 


|The | gate w was found to be very effective i in area tailwater heights, and 


velocity distributic 
_ TABLE 2.—Sreve ANALYSIS OF — FROM PROTOTYP 
AND OF Sanp Usep IN MopEL 


Percentace 


S 00 


| bibs 
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Conny _ 
yoo 


“4 * The samples of the sands were taken at the following places: No. 1, center of river below locks; No. 2, 
“hear west shore; No. 3, near east shore; No. 4, center of near No. Wis.; and 
Nos. 6 and 7, model sands, at the Wisconsin foundry. - 


5 Se The bottom of the box was filled with sand and the surface of the sand was 
= made to conform with various profiles of the river bottom. Se In some tests the 


bottom Was ‘shaped to conform tot the river bottom downstream 
No. 9 an 


— 
“oI _ A model of three gates of the dam to a scale of | to was used in the 7 2 eae 
tests at the Hydraulic Laboratory of the University of Wisconsin at Madison. i ‘ oo 4 

— 

— 
that normal vertical velocity curves would occur a short distance upstream 
s » 
— 
7 
— 
ii 
iz 1 this gate. 
Sand No. 1 | Sand No. Sand No. and No. and No. an 0. and No.¢ | 
— 
— 
— 


a Sines th 
- water were not known, , it was decided to use. the finest sand readily attainable. 
for the bottom of the channel of the model. Sieve analyses of sand from the . ce 
prototype a are shown in Table 2, sands Nos. 1, 2, 3, ‘and 4, and the sand used i in .. 
the model is designated as sand No. 6. us Sand } No.7 7 was rejected because it. | : 


a large amount of fine material that was carried in suspension with 
4 
g 


a very slight movement of water. _ It was decided that a study of bed movement — 
in the model would be relatively indioative of results attainable in the prototype 


though the exact quantitative relationship was not know 


~ 


ifs 


| 


| 
\ 
il 


Elevation Above Mean Sea Leve 


3 


Distance from End of Apron, in Feet mid ieee 


Attempts to measure in the model with a small current 
a meter designed for this purpose and a pitot | tube were not satisfactory in the 
beeas: 1929 tests. Yarn tied on small sticks was used d to determine the presence and = _ 


hel ae - direction of water currents. Direct observations through the glass windows of 


bce the model indicated the general | magnitude of bottom velocities since snemmel 


: ce _ Early tests showed that the ‘sand i ‘in the model reached a stable condition in 


E about 1 hour after a run was started. a“ Each of thirty-four different arrange 


ath Sis ments of the model were tested under from ai to six rates of flow vical from 


— 

a 

— 


cu ft per sec to 80, 000 cu a ft per sec. _‘Tallwater rating. curves 
tests usually followed the 1924 rating curve. | 
. at _ Water profiles and sand bottom profiles were re taken during : and after each | 
run. Fig. 3(a) shows water profiles and bottom profiles in one test with the 
‘original dam; and Fig. 3(b), a similar test with the exception of a 52-in. baffle - 
wall placed on the apron of the dam. The sand lost from the bottom in the 
first 200 ft downstream from the dam for flows up to 50,000 cu ft per sec was — 
270 cu yd per gate ‘Gin terms of the prototype), for the dam as originally con-— 


a structed, ‘whereas no measurable loss resulted with the same range of flows when 


£ 
o 


Profile 


4 
Elevation ve 


Ase Distance from End of Apron, i 

prom Tests oF a 1-to-20 Scare Mops. (1929 Tests) 
the 52-in. baffle w: was baffle 52 in. high, 20 ft from me downstream end 
constructed on prototype below two Tainter Because of the 
| river flow conditions, the tailwater could not be built t up to flood stages.  How-— 
_ ever, the two gates were opened to discharge at rates equivalent to a flood flow of 
80,000 cu ft per ‘sec in the river. Flow conditions. over the baffle appeared wa 
generally similar to | those observed | on the model. . The pool in front of the 
_ baffle was maintained on the prototype | as in the model. ah 0 movement of rs 
river bed material downstream from the gates occurred. 
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i baffle 52 52 i in. re was bui t across the entire length of the } prototype dam 
in n 1930. It was constructed with 8-in. timbers used as stop logs supported by 
‘12-in. H beams placed it in the apron the dam. From to 1933 this baffle 


it was in the early part of 1933 that a new dam down- 
stream from Prairie du Sac would not be constructed in the near future. Be 
cause of recession of the tailwater, the Prairie du Sac Dam would have been 


designed if normai headwater elevation were maintained. For a number of 
Z ‘years the plant was operated with the headwater | lowered to reduce the head 
er on n the dam. Be Deep holes, eroded in the river bottom prior to 1930, had not been 
- filled . Thus, a new series of tests was run to develop plans for the permanent a 
- improvement of the structures at Prairie du Sac that would remedy the un- | 
favorable conditions resulting from receding tailwater elevations. = 
After a brief study, it was decided to design new works which would ce 
“head 0 on the old dam u up to co El. 742. - ~The model tests ; made in 1930 indi 


type indicated that serious crosscurrents and oo i were caused when cur- | 
rents | of different velocities joined downstream from the dam and the power- 
house. ‘The discharge | from certain combinations of Tainter gates resulted i in 
obvious disturbances. . Eddying also appeared dow nstream from lock, 
_ where water discharged through the gates and water discharged through the 


powerhouse | joined. A survey was made of the river channel downstream from 
the Prairie du Sac Dam for a distance of about a mile er i ae 
A model of all structures and of the river bed to a scale of 1 to 100 was 

made outdoors near the ‘powerhouse at Prairie du Sac. _ Accurate sheet metal — 

templets were cut to the shape of the river channel at each change of section 

of the river. These templets were supported on short wooden piles and were 
held firmly by bolts placed to permit accurate adjustment of the templets. — 

~ Concrete was then poured between templets and the surface was struck with 7 
straight edge. Great care was taken to ) reproduce, the channel 


river flow were carefully reproduced in the model. . gate at the 
i end of the model which controlled the tailwater consisted of a plank hinged at 


a _ the bottom with its top cut to conform generally to the shape of the section of 
river. In whatever position it was placed, the gate allowed water to be 


was poured with concrete ‘composed of. and light-colored. sand. 
sae The concrete bottom was divided into 1-ft squares by coordinates painted with 


was parallel to the end of the : apron on of the dam, 


— 
o! 
— es 
itm 
— 
asphalt. Une coordinate fom 


Ten different arrangements (a total of one hundred watt six ant of the 
“ model were tested under ‘Various flood flows with different distributions of flow _ 


through the powerhouse the dam with \ various combinations of. 


Average vertical in were studied with small 
: tical floats loaded so that they would float with one end slightly exposed. 
Floats were started near the end of the original apron of the dam. One observer 
- plotted the path of each float on the form sheet shown in Fig. 2 by observing _ pis 
the movement of the float relative to the reference lines painted on the surface - 
of the model. Another observer with a stop watch noted the time at which __ 
float crossed the reference lines. These time observations were recorded 


on the sheet. Floats were selected so that they would just clear the bottom 
of the channel. — Whenever a float encountered s shallower water and dragged — 


iG. ro, THE pu Sac PLANT; , ScaLE, to. 160 


_ were observed with wooden spheres about + in. in diameter which were loaded 
oe so that they would sink very slowly in still water. ‘Thee course followed by each 
i. ball and the time were recorded as for the vertical staff floats. ae 
q rs It was decided that a new apron 55 ft wide would be constructed on the — 
a prototype at the downstream end of | the old apron with the top elevation at 
_ EL. 731 or 10 ft below the top > of the end of the original apron. ‘The 1929 tests ay 
“ts indicated that the baffle placed on the old apron would be effective with the , 
new apron. Tests were then run on ‘the 1- to-20 scale model (which had been ates 
used i in the 1929 tests) to determine the effect of a baffle wall on the new apron a ig 
~ and to verify conclusions reached in the studies with the 1-to-100 scale model. i os 
ah Nine different conditions were studied on the 1-to-20 scale model; and it was 2s 


pe that there was no erosion i in the b bed of the: model w with: (a) amee new wapron 


obstruction observations of velocities were continued. Bottom velocities 
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‘Tests with the 1-to-100 scale model with the new apron at wore 
made with th the depressions i in the river bottom all filled to El. 710, and bottom — 
: velocities were found satisfactory under this condition. — Fig. 5 shows the results ; 
a the test of the 1-to-20 scale model for the arrangement which _ was finally 


adopted with various flows and with tailwater elevations in accordance with 
os 1929 rating curve. _ In this test, erosion of the river bed was very small. | 
in the model with a  pitot tube 3. —VELocITY MEASURE- 
at the end of the new apron, 20 ft MENTS (FEET PER 
downstream and 45 ft downstream, 1-To- -20 Scaue 
surface, midsection, ,and bottom. (Reduced to Prototype Values) 
‘In Fig. ‘5 one » set of these velocities = ee. me 


for run N o. 26, series VIII, 58,800 Downerasau Dretance, m Farr, 
FROM END OF APRON 


eu ft per ‘sec, the relative po- Location 
sitions of observations and the mag- 
nitude of each. — A tabulation of f the 
eres for the other runs shown’ 
in Fig. 5 is given in Table 3. a 
Anew apron was constructed “Surface 


prototype in 1985 ot El. 731 Bottom 


741 to the top of the new apron. 

Figs. 6(a) and 6(b) are photo- Surface.......| 
graphs of the model with the new Bottom : os | 
apron and baffles which were finally 

adopted. Fig. 6(a) shows the baffles 
and apron of the model; and Fig. 

6(b), a flood flow of 58,800 cu ft per 

‘sec on the model A flood of 90,000 


cu ft per sec occurred on September 


Rou N 
un No. 27: Sunres IX; 59. 900 Cu Fe PER Bac 
15, 1938, and was the highest re- TAMLWATER "AssuMED 3 Fr BELow NorMaL 
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corded flood at Prairie du Sac. . The 
second largest flood—82,000 cu Surface.......]| | 44.68 : 


per sec—occurred on April 14, 1922. 


_ apron so that either structure could move somewhat without causing a reaction e . 


on the other. rr Sheet piling w: was placed at the downstream end of the new apron. 
a The apron was suppor ted on wood bearing piles placed to withstand d uplift—so 
that the n new structure would ‘safely withstand a head of 13 ft or any head u up 


4 
hich, normally ot El. 738. 0 into manholes at the ends of the dam. 
- logs were provided in the manholes which permitted adjustment of the | 


; ty water level under the new structure. The hy ‘draulic | 
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“across e spillway structure would be: Headwater elevation, 774.0 ft; 
within the hollow spillway section » 747. .0 ft; elevation for drainage overflow at — 
new apron, 738.0 ft; and minimum tailwater elevation, 732.0 ft. 
Pe. _ The line labeled “Septeinber, 1935,’ ” in Fig. 1, represents the profile of the 
te river bottom as it was just after construction of the apron on the prototype. — 


Sk aa _ The solid line shows the | position of the river bottom in 1941; and the circles, — 
o> - the bottom in 1 1944. There has been no loss of material in the first 200 ft 


, 7 3 downstream from the end of the old apron. In fact, the river bottom has been 
as raised somewhat by deposition. of material brought upstream from points 400 ft _ 


st 


@. or DESIGN 

View of Bafflesand Apron 
Flow, 58,800 Cu Ft per 


more from the end of the apron. The condition at this section 
3 en is quite typical of that at all sections. At gate No. 7a a slight ‘amount of ma- 
oe : terial was removed between points 2 220 ft and 400 ft downstream from the end 


2 m2 of the old apron—the ; average removal being a about 23 ft and the 1 maximum 5 ft. 


we 2 : ae this region where there was a slight loss of material, the bottom had been 


sa def left sc somewhat above t the general bottom elevation of adjacent sections at the 


Bie time of construction. In general, there has been no loss of material except in 
Am stan very small isolated areas which were not leveled off to conform with general 


elevations of surrounding areas. The new construction has been subjected to 
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| 

prior to the construction of the new apron. The greatest flow e ever we a 

ma passed the river at Prairie du Sac at 8 a.m. on September 15, 1938. _ Soundings 
have been taken ey year si since bir apron was as completed; and there has never : 


_ tows ard general raising of the river fornline in the first 200 ft downstream from the 

old apron a and toward leveling « off high spots which were left after construction. 
Both the 1-to- -to- -100 scale model tests and the 1- to-20° scale model tests indi- 
cated that removal of bed material below the dam \ w was caused by upstream | 

currents w hich existed from a a distance at least 180 ft downstream from the a. 
of the old ¢ apron to the apron. ne In no case did the jet from the old ap apron plunge 
we under causing high bottom velocities in a downstream direction. | _ Excessive 
% : bottom cutting in the model was always caused by upstream currents which 
occupied about two thirds of the depth of channel 


ho At various ti times per the tests of the 1-to- 100 scale model a at Prairie du ns 
( Sac, the model was as adjusted to simulate conditions then existing on the | proto-- 7 


type. Both t the model and tl the prototype could be observed at one time, 


‘ Under one condition, there was a pronounced surface current in the e prototype 


was as found to | in the model. * Ins a similar 1 manner various 

tions of - verhouse units that caused eddies i in the tailrace were duplicated on 

the model. 

curred over the s same areas in the two models. 4 

| & In the model tests the new apron and baffles reduced bottom velocities ae 7 

| the dam under all conditions—the highest bottom velocities were small and 

# were generally in an upstream direction. ‘The baffle on the old dam used with 
the hew apron gave good results; but a improvement was experienced 

when the baffle was placed on 
design of im provements, based on model tests, has proved entirely 
a satisfactory. — The profiles of river bottoms i in Fig. 1 show that bottom velocities — ae 

: have been reduced so that there is no objectionable | cutting of the river bed near = oes a 

Hi gh bottom velocities and river r bed occurred in 

the models under conditions which caused serious erosion in the prototype. 
Ten. years of « experience wi ith the new structures indicate that the new apron 4 
and baffles were as effective in eliminating in the 
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RICAN SOCIETY ENGINEERS 

MATRIX ANALYSIS OF CONTINUOUS BEAMS 
— _BENSCOTER,? Assoc. M. ASC «> 


introduction | to the use of matrix algebra i in a the | 2 development an and ex- 


planation f various | methods of structural analysis i is s presented i in this paper aper be | 


possibilities of ‘making rapid design calculations by matrix methods are 
also illustrated. The paper is: divided ‘into four parts: In the he first part 


an ‘explanation is given of the elementary operations of addition. , subtrac- 


tion, multiplication, and division n of matrices; in the second part a 


“supporta) in 1 matrix in| in the third p part the moment distribution process 


is developed by matrix algebra ; and i in the fourth part two successive : correction , , 


methods of computation which may | be regarded as variations of the m method — 


of ‘moment distribution are illustrated and discussed. 


INTRODUCTION 

Matrix algebra may be as a “shorthand” technique for represent 


single equation. ise The rules of algebra ‘provide 
_ cedure which is often more rapid than the numerical processes in common usage. a 
: bs Since all indeterminate structures are governed by systems of linear equations, pe 
t the possibility of useful application of matrix methods by the structural er en- 
{ gineer is suggested. The ability of the reader to ‘understand, appreciate, and a, 
evaluate the matrix < methods presented in this paper will be dependent, in Rs 
large measure, on his willingness to familiarize himself with the elementary 

operations, These mechanical procedures ca can be learned only by p practice. on 
numerical just as the ‘mechanical procedure of moment distribution 


Nors. —Written comments are invited for immediate to i insure publication the last dis- 


should be submitted by February 1, 1947. 3 
D.C. 


* Aeronautical Bureau of ‘Washington, 
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Ev VALUATION oF DeTERMINANTS 
It is essential that the reader process ss of evaluating a 


The of A is a square array of numbers which is v written in the 


ans) 


In order thot the reader may check his ability to evaluate 


(12-2= 
* 


> 


x1 


ACTION ‘OF ES 


A matrix is also 
“tangular. 


Asi 
: 4. 


The s subscripts of the elements 5 of the matrix or a are oe so that 
the first subscript corresponds to the row containing the element and the second 


- subscript corresponds to the column. To make use of matrices it is necessary 
to know the rules for addition, subtraction, multiplication, and division of — 


t matrices. _ These rules will be stated as simply as possible and should be learned 


— 


| Consider the Mnatrix [A]i in Eq. 3 and the matrix (Bls given i in n the following 


[B] = |ba bar 
the matrices [A] and are added, a matrix [C’] is obtained and rar is 


C22 


Each of [cli is by adding the elements of of [A] 


F 


and 
jo 3 1] <5 45......(21 al 
‘ 
4 
of 
, ey 
— 
— 
— 
4 
= = = — a 
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and (By. ‘Thus, the elements of re as follows: 


Matrices are subtracted in ‘the same manner. 
_ ‘Thet following ex examples illustrate the processes of addition and subtraction; 


ON O 


wet 


If the. matrices [A] and are: multi a matrix [DJ i is obtained which 
also a a3 X 3 array of numbers: 


= 


a 


| The elements of [D]. are are computed from the dunasin of [A] and [By by = 


> 


the “ “row by column” ‘rule. The rows of [A] are ‘Taultiplied by the columns 


of [B]. ‘The row of [A] to be used corresponds to the row of the element of 
(DI being ¢ computed and the column of [B] to be used corresponds: to the col- 
umn of the element of [D]. - Thus, dis is computed by multiplying the first 
by the first column of [B]. multiplication m be indicated 


ry 


=anb + 13 

A curious but important property of matrices is that they are noncommutative 
in 1 multiplication . Thus, in general, the product [A]LB] does not equal the 
‘Product [B][A]. This property of matrices ¢ deserves emphasis since the struc- 
“tural engineer is is not accustomed to dealing with noncommutative ; numbers. — 


+ cater, 104 _ 
— 
: 
1) 
0) | 
rec- 
q 
sar 
n of 
rned 
ail 
4) 
— 
clis 
— 
— 
— 


[1 4 and [B] =|, (1 


)-[2 4) (16a) 


16 show how the of rder of ‘multiplication | gives a different 
answer. Two mo more examples will illustrate the loeiceaiemaasae of gee 


0 


+ 


square 2 X 2 matrix. In Eq. 18, a 3 X 2 matrix is multiplied by a column” 
_Inatrix, commonly called a column vector. Ther result i is a column vector of 


two elements. The elements of a column vector are frequently called the com- 


rt of the vector. The reader should attempt to multiply the Matrices” 
in Eqs. 17 and 18 in reverse order. In the first case the multiplication is 
_ possible whereas in the second . case it is impossible. — > The first matrix in a 
- multiplication must have the same number of columns as there are rows in n the 


Diviston OF Matrices 


To ) explain the process of dividing matrices, it is necessary to introduce the 


. 1. The “principal diagonal” of a matrix is the set of elements extending 
from t the upper left-hand corner to the lower right-hand corner, a: 
‘The of [A] is obtained by rotating [A] about its principal 
gonal . The rows and colums thus become interchanged. A transpose is 


following definitions which are applicable only to square matrices: | 


InE Eq. ‘17a a 3 x2 matrix is multiplied by a2 xX 3 matrix and the result is a 
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following examy 
—— [A IB] 1 4 3. | 
g 
- 
a 
— 
3 
— 
— 
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re A is ‘ if the matrix is equal to its transpose. Thus, Ra 


3 and [4] = 


4 to each of a matrix or determinant) there i is a 

ix minor ”” which i is obtained by striking out the row. and column of the matrix 

(or determinant) containing the element. The minor corresponding to _. 

~ element « of a matrix (or determinant) is a determinant that can be « evaluated — 

to ol obtain an ordinary number. Considering the determinant of Eq. lor the 
matrix of Eq. 3, the following n minors illustrate the definition: é 


a 


4a 
"Minor corresponding toa au 


“Minor corresponding to diz = 


> 


& ~The “cofactor” of an edloment of a matrix (or determinant) i is the dent 
‘minor corresponding to that element. . A “signed minor” is a minor with the 
appropriate sign, either plus or minus, prefixed. — The proper sign for the c co- 
factor of the fi first element a1; is positive. The signs for the cofactors of the 
other elements altérnate according to their position relative to ai. Thus, the 
cofactor of aie is negative, that of ai3 is positive, that of a2 is negative, etc. — tt 
is s convenient to use a corresponding capital letter to indicate a cofactor. Thus, | 

Cofactor of au 


Cofactor 0 of = Aw =— 


The “adjoint” of a matrix [Ali is the matrix obtained by replacing 
element c of [A] by its cofactor and then transposing the matrix. — ‘Thus, > 


__ The following numerical example i is an illustration: — 


Adjoint of[A]=]-1 6 


7. The “unit matrix” is a matrix in which the elements « on the  piteaipal 
diagonal are “~ whereas the remainin g elements are 0 8. Tt. is indicated by 


-* 
| 
a 
5a) 
6b) 

18) — 
isa 
mn 
r of — 
om- 
ices 
ais 
trix 
— 
we 

— 


This matrix is also called the identity matrix. It plays a part in the algebraic ; 
J manipulation of matrices which i is similar to the part played by unity in the 
numbers. With ordinary numbers: 


a = ++ +(29) 


The > verity of Eq. can be "easily demonstrated by 2 te the “row by 
column” rule to a numerical example. 


‘The “reciprocal” (or “Snverse”’) of [A] is matrix w vhich, when multi- 
plied by [A], produces the unit matrix. ‘Thus, 
The following e: example can be checked by the “row ail column” rule for rault- 


plication: 


~ 4 


4/3 
5/8 


“ _Adjoint of [4] of 


4 
=2xX4-1X5=3.,.. 
Substituting into Eq. 33, the anieaeitt is obtained as given in Eq. 31. 


The process 0 of ‘division can now be explained. — If [B] is to be divided by 
Ay the result n may be obtained by multiplying [B] by [A}. a This multi- 
“a plication can be performed in two ways: [B] can be premultiplied by cay" 
indicated by [A]“[B], or it can be postmultiplied by 1 to obtain 


In these two methods of multiplication 


— 
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| 
| 
| ow 
— 
| 
Multiplying [4] by [A gives 
The foregoing definiti e ob- 
ained. The formula 
—— 
33) 
— 3) 
= 
m 
n 
— 
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division by writing a fraction, as wai be ambiguous and hence not 

ynieineliiie. a Whenever a matrix equation is s to be divided by [A], « either 
; every term in the equation must be premultiplied | by [A4}", or every term: in 


thee uation must be postmultiplied by [AJ*. 

‘The ‘usefulness of matrix algebra in solving ng simultaneous equations can 
8) now be explained. Consider the following system of of three e equations in in three 
36 can be e expressed using matrices, in the manner: 

the 1 matrices are ‘elements on each side of 
matrix equation are then equated, the original Eqs. 36 will be 
1) Introduce the following definition: 


37 becomes 


The original system of linear algebraic | equations has now been reduced to a | 
single linear matrix equation. Eq. 39 is solved by multiplying through by > 
Ft . Eq. 40¢ gives the values of the components of the column vector rx] by a simple 
mu ultiplication of matrices, provided can determined. the 


| 
a 


rming the mulileation indicated on the right, the following —. 


41/45) 
—13/45 


‘Since con ntinuous ate are na by linear algebraic equations, it 
seal be apparent that matrix algebra may provide a useful technique for 
dealing with ¢ ertain types of structures. - 


ana 


the that the ‘supports do not ‘If the reactions of a 
tinuous beam can be determined, the values of bending moments and shears — 
at various sections can be calculated by statics ; or, if the bending moment over ' 
each support can be determined, the moments and shears at various sections 
can likewise be determined. — Many methods of analysis of continuous beams: 
have been developed. In each method certain fundamental quantities ap appear. 
which must be be determined for ea each span individually. _ These fundamental 
quantities are maemnes on the physical properties of the beam and on the 
_ . loads in the spans. Consequently, it is necessary first to consider an individual 
“span. ‘The algebraic relationships between the fundamental quantities that 
appear in various methods: of — beam have been by 
Fang- Yin Tsai? 


OLUMN 


of the ofa span ‘may by considering 
either a simply-supported t beam or ra fixed-end beam. _ The latter ¢ case will be 


used. Any complete group of characteristics of a fixed-end beam can be ex- 
a pressed in terms of five fundamental properties. _ Three of these properties 
are functions of the physical shape of the beam and two of them are dependent 
on both the beam shape and the The column analogy method, which 


‘te stating these beam | propertion ina case. shows a n nonpri- 
ag). Transactions, ASCE, Vol. 102, 1937, p. 44. 
m1 “mings, The Column, Analogy,” by Hardy Cross, Bulletin No. 216, Eng. Experiment Station, Univ. of 


l 
| 
| 
@ 
i 
= 
1 
— 


matic beam with | ‘it row the corresponding statical moment diagram, the © 
analogous column section, and the indeterminate moment diagram. 
_ diagrams of m, and m; have thicknesses n normal to the paper equal to the thick- > 
“ness of the analogous ¢ column ata corresponding point. 
center of gravity of the 
analogous ¢ column section is in- 
dicated in Fig. 1(c). This point 
Ss is considered as the origin of co- 
ordinates with z measured posi- (a) LOADS 

to the right. The distances 
the extreme fibers are shown. 

&S Ca and Cb the former being a 


negative number. The five fun- 


STATICAL MOMENTS 
damental properties are: | (a) The 


load P, on the analogous column, 
_ (0) its first moment about 
reference axis, (c) the area of 

the analogous column A,, (d) its 
first moment, and (e) 
moment. 


Corresponding ‘to the: fiber 
© ‘ANALOGOUS COLUMN 


Ce and Cb; two section 


(44) 


(dy “INDETERMI NATE MOMENTS 


in which I, i ‘is ‘the moment of “Fie. 1. ANALOGY FoR A SINGLE-SPAN BEAM 


inertia of the column section. 


modulus Sa is a number since is always positive. 


in which M, is ‘ie moment acting on the analogous column, or the moment of 


‘P, about: the origin. . The column analogy method uses a bending- moment 


rng sign convention which defines positive moment as that producing compressive 


| be in top The prime on a moment (M’) indicates the fixed-end 
ties 
nich 


bee 2.—Exastic CurvE oF AN _UNLoapep Span” 
vee 
slopes for single span. ‘Fig. 26 how: 
moments, ' 


— 


4 
ms 
| 
= 
— 
— 


end slope may be a linear of the two end 
‘The former relationship may be written in matrix notation 


one end of a member caused 1 by a a unit rotation at the opposite end. * It is equal 
to the product ¢ of the ec: carry- -over factor ‘multiplied by the stiffness, the ue 


being taken at either end. Thus, 


in which r, and rs are the carry-over factors. — A statical moment sign conven- 


tion i is used in expressing the moment-slope relationship. m (The st stiffness values 
and carry- over factors are all positive ‘numbers. 2 Although | a bending moment. 
sign co convention may be used in continuous beam analysis, the statical moment 
convention becomes more ‘convenient when the method of analysis i is nana 


The reciprocal matrix may be « evaluated to 


in which D is the: end rotation constant 4 ‘ indicated by 1/C) for 
the beam to end and i by 


the formula: 


The product of the end niin constant D — the standard i value 
of a beam gives a modified stiffness value which is the moment required to 
produce a unit rotation at one end when the other end of the beam is simply 
supported. _ When the scalar coefficient of the matrix of Eq. 50 is taken inside 
he bracket, and multiplied by each term, it becomes convenient to to introduce 
w letters to. represent the reciprocals et ‘modified stiffness values; let 


4 *‘Continuous of Reinforced Concrete,” by Cross and N Morgan, Sohn Wiley 
Sons, Inc.~New York, N. Y., 1930, p. 119. 


> 


4 
the counterclockwise direction at either end of the member. 
| 
| 
; 
— 


By Eq. 46, each ois moment is re as & “tne function of the two end. 


slopes. — - By Eq. 53, each end slope i is expressed as a linear function of the two 


a The numerical values of the stiffness quantities Ka Ke, and R ma may os com- 
puted by using the column analogy concepts. The value of K, is the inde- 
~terminant moment that would be computed at point A if the analogous column: 
is loaded with a unit concentrated load at point A. The value of R is the in- 
determinant moment computed at point B with the unit load at point A, and 
Koi is determined ined by pacing the unit load at at point B. | Thos, the stiffness values _ 


are given by 


Since the on the right ‘side of Eq. are in accord with a bending 
moment sign convention, the quantity R as computed will have a negative 
‘sign. _ This sign should be ignored ina statical moment sign convention. 


SLopeE- -DEFLECTION EQUATIONS FOR SINGLE 

Then _ step in the analysis requires consideration of a loaded sp span as 
‘shown i in Fig. 3. = ‘The end moments may | be expressed as ~—ael functions of 


the end slopes as before, but a constant term must be added: = . 


M.| _ K, R 9 


to Eq. 55 represent the values of Ma , and Ms when both 
7 fixed-end 1 moments for the given load- a 
and calculated as shown by 
Eq. 45. (The values of M’, and M’, 


in Eq. 45 have their signs in accord 


. 3.—Loapep Span 
with a bending moment sign conven-— 


tion and must be changed to a statical moment convention. yn.) Eq. 55 is a 
special case of the general slope-deflection equations which include an addi- 
tional term for the effect of relative end, or joint, translation ie 
, ‘It is also p possible to use Eq. 53 rather than Eq. 46 to obtain an expression 
for 
end slopes in terms of moments for a loaded bes beam. As before, a constant 


7 is added to obtain 
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let 
6) 
—— The elements 6’, and 6’, of the column vector that has been added to Eq. 53 
to obtain Eq. 56 represent the values of 0, and when both M,and M,are 
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evaluate 0’, and 6’, the fixed-end beam is wi with end moments 


it ts now assumed that a moment —M’,is applied at end 


supported beam with zero end 7 "Phe through 
= end rotates, such as —M’,and —M’,are applied, will be the angles @’, and 
. Therefore, the angles 6’, and 6’, are linear functions of —M. and —M'y. 


This is by Eq. 53 as follows 


a This linear relationship between simple beam end slopes and fixed-end mo- 
ments, fo for a given loading, has some usefulness in practical design work. 
provides a convenient procedure for computing end slopes that are not well 
known to the designer from stiffness values and fixed-end moments which are 


well known, either by formula for prismatic — or by graphical representa-_ 


5 


trix of Eq. 46° — 7 Since the ends of the 


beam are fixed, the rotation of joints Ss 


| [Kyo 4 and 5 is known to be zero. ‘Thus, 
Lt Kis} Rar Kos R32 there are only three e effective joints. 
og «Only one of the two slope-deflection 


We 4, Seam wITH STIFFNESS VALUES 


equations for the end. spans and 


_ of the stiffness values for the end spans are needed in detérmining the bend- 7 
- ing - moments at the effective joints. As a secondary part of the solution, the 
bending moments at joints 4 and 5 can be computed by proper carry-over 
calculations a according to the process of moment distribution. If the ends of 
the beam were simply supported rather than fixed, the standard stiffness values 
Kus! and Ky would be replaced by modified stiffness values using the appropri- 
ate end rotation constant. The joints: have been numbered by b 
with the first effective joint and continuing consecutively. 
ts should be noted that, in dealing w with the continuous beam, the necessity 
arises for using double ‘subscripts on the stiffness values. _ The first subscript 


to the joint, or support, and | the ‘second indicates wed 


Bending moments will dleo require double subseripts whereas joint rotations 


will require on only a a single subscript. 


oe It is now ow necessary to define several column wit pyernten first that 


te 

a 
01 
I 
7 
| ues for the span 
is shown a 2 X 2 matrix of coefficient ma- 
— or 
is. 
— > 
2 
Us 
Us 
=> 
— gt 
—— 


the ri ight 


= M'2s = M' . 


_ Define similar vec vectors ors of t] the e actual m moments by 


[Me] = | Mas 


and [Me] : 


Only the effective joints are included. The and cM) can be 
shown to be linear matrix functions of the vector [@]. 


= 
a similarity i in between 62 and Eq. 55 for a span 
p) noted. _ The vector [M’,] is the value of the vector [M.] when all elements, 
or components, of the vector [6] are zero. The coefficient matrices [K.] and 
have ‘been introduced and must be. defined. Each is a 3 X 3 
- composed of stiffness values properly chosen from ‘Fig. 4. The matrix [K.] 
is formed in the following manner: Take the first row of elements of each 2 X 2 
} matrix in Fig. 4 and write them « one below another—each being staggered one 
| place to the right. Fill the remaining : places of the matrix thus formed with 


TI The he result t is 


= 


of 


0 = 
Using the second row of elements of each 2 X 2 of Fig. 4, 


nd 
Mis} 

| 
7) — 
— Also define a column vector of join rotations by Wiss 
ta- 
| — 
| 
na- 
| 
nts | 
us, | 
nts. 
| 
10n 4 
the 
ver — 
pris 
1ing 
sity 
ript — 
rip 
the. 
nee, 
. 62 are true they will be written out in full; thus, 
To demonstrate that Eqs. ‘are true tne 


(M's) 


Each 0 of these two matrix equations corresponds to three : Antinte equations. 
If the multiplication indicated on the right side of the equations is done, a 
column | vector of of three e components will exist on 1 each side of each eee. 4 


families of three algebraic equations ¢ each. Consider the first algebraic cael 


tion of the first family as follows: 


Eq. 65 i is one il the slope-deflection equations: for the second span and corre- 
sponds exactly to the first of the two algebraic equations represented by Eq. 
55. Similarly all the six : algebraic equations corresponding to Eqs. 64 can be | 
: shown to be slope-deflection equations f for th the various spans. . Hence, Eqs. 62 62° 
7 _ Eqs. 62 represent | a . complete statement in matrix notation of the nies 
- deffection equations for any continuous beam with supports that are fixed 
against translation. there are ten effective joints, the column vectors’ ill 
+ have ten components and the coefficient matrices will be 10 X 10 square 
Any n numerical values for the components of [6]—that i is, the joint rota-— 
tions—may be assumed and | substituted into Eqs. ‘The resulting 
ments wi will correspond toa continuous elastic curve for the beam. — ‘The mo 
ment on the left side of each joint is not equal i in ‘magnitude to the moment. oe 
rs the right side of the joint. _ From a physical standpoint this state « of f deflections - 
and moments could exist ‘only if artificial moments of sufficient magnitude to 
- maintain the joint rotations at the assumed values were introduced at the joints. 
tq These artificial moments ; might be introduced by considering that torques are 


the plane of the page, 
» Actually, the foregoing solution is not correct ‘moments resulting 


- ponents of [@]. With this correct set of values the moment | on the left side of 


Asa but of opposite sign. In other words, each joint must be in equilibrium so_ 


both the continuity of the elastic curve and the equilibrium of of the joints 
B..- 62 guarantee continuity but do not guarantee equilibrium. . Hence, the | 


ie Of each | joint is in 1 equilibrium, the elements of the vector [M.] must be 
ra equal and opposite in sign to the elements of CMe]. heii the equilibrium 


Eqs s. 62 and 66 de define the solution vector can | be e elim- 


that no artificial torques : are re required. Thus, the correct solution must ‘ci 5; 


applied to axles which are fixed to the beam at the wine and are normal to | 


& the applied loads. There is one, @ and only one, , correct set of values of the com- | 


os each support is equal to the moment on the right side of the same support, 


equilibrium conditions must also be imposed | on the solution. 
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CO ient formulas for de- 


inated from three matrix equations to giv 


practice. 


THEOREM OF THREE SLOPES 


If 62 : are substituted into Eq. 66, 


M’' x + M’s2 


q The ‘elements the stiffness matrix (K should be considered. The: first 
element of the principal diagonal i is the sum of stiffness values at joint lL. ‘The > 
second element of the principal diagonal is the sum of stiffness values at joint 


— 2,ete. | The matrix contains one diagonal row of elements above and one below © 
the principal diagonal, and is symmetrical. These properties are true for the 
stiffness matrix of all continuous beams regardless of the number of effective 
joints. The diagonal row above the principal diagonal is called the “‘super- q 
diagonai”’ and the diagonal row below the principal | is called ‘sub- 


‘The stiffness matrix is continuant matrix. “This will be if the 
effective joints are numbereu in consecutive reorder. 5 


“Tow the diagonal element corresponds a joint. in 

this row correspond to the members adjacent to the joint. a eae, 

The vector [wv] is composed of components that may be recognized as — 

“unbalanced” moments of the moment distribution ‘process | of analysis. ‘The 
unbalanced moment at a joint is is sum of the fix fixed- end moments at t the 


= m lus 


example, from Eq. 69, = M’ 23 21- 
—_—* of the algebraic equations represented by the matrix Eq. 67 contains 
slopes, or joint rotations, irrespective of the | number of spans: of the con- 
tinuous beam, Hence, Eq. 67 ‘may be called the theorem of three slopes’ (or 
~“angles,’ ’ which is a term used by W. L. Schwalbe*). This equation can be — 
5**Matrices and Determinants,’ A. C. Aitken, Publishers, Inc., New York, N. 


1939, p. 126. 
” by Ww. L. Schwalbe, 
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~ solved for [6] by y multiplying the equation by = 


Kq. 71 states that the joint ro rotations created noe a given a are linear fune- 


a tions of the unbalanced moments. Substituting Eq. 71 in Eqs. 62 gives 


; tion or - modification to be added, with its negative sign, to the fixed-end mo- 

_ ment. The final moment at a joint may be considered to be composed of a 
preliminary estimate, or fundamental value—the fixed-end moment plus a 

‘correction that is a linear function of the unbalanced moments of all the joints. 

-_It is convenient to introduce the following matrices: 


_ The numerical values | of joint m moments may be computed by using either Eq. 
7 4 7 4a or Eq. 74D. | However, it is advisable to use both and to compare the values ; 


as this: procedure checks the computation of the elements of [C.] and [C,]. 
Eqs. 74 give a complete statement in in matrix notation of ' the solution of any — becom 

is continuous beam of any number of spa spans. ‘The column vectors [M’.], [M's], “tir y 
and [uj are dependent on the loading an and physical characteristics of the in- 
dividual spans. coefficient matrices ] and [C;] are dependent only 

on the physical properties of the structure. | They can be computed for a given F ir tk 

& structure before the loading is known and need to be computed only once. Pp | 

bo . The information necessary for this c computation i is shown in Fig. 4. i . har 
matrix [C.] is computed in two steps: First, (KJ is computed and “ing 
then this ° value is premultiplied by [Ka J. matrix multiplication ¢ can be 
performed i ina few minutes, particularly on modern calculators which retain | 
and add } ‘products: of numbers. Large matrices can be. multiplied faster by : poy 

using a calculating machine than by using a slide rule since the result of each " Riad 
individual multiplication does not have to be written down but is retained in ‘oi : 

“the machine. The principal labor involved is in the computation of [K}*. oo 


‘The time required for computating the reciprocal of a matrix increases very — 
rapidly with the size of the matrix. iF or example, the calculation of the re- " i 


ciprocal of a +6 6 matrix would require the evaluation of thirty-six 5X5 

eterminants— very engt y process. PI 
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It is ‘convenient, for discussion , to introduce the correction vectors to] 1 


and [b] by the definitions: a 


“A... #4. and 
-Eqs.74 become 


[Me] = [Me + - [b]. 


and directly” below them ‘the | of the correction 1 vesters and 

[b] are written. _ Direct addition: at each joint gives the final answer. Be- 

eause of the length of time required to ‘compute the reciprocal of the stiffness. 

matrix [K], and thus to obtain [Co] and [C,], a given beam can be analyzed Be tay 

faster for one loading condition by moment distribution than by u using matrices. > 

The advantage | of | of using matrices would become e apparent if a beam were to be 

analyzed for many loading conditions, since the reciprocal of [K] would ‘need 


to be computed only once— — that matrix methods should prove to 


ha The theorem of three moments is s better known to salen itis 
than the e theorem of three slopes. — In developing th the theorem of three moments, 
it is necessary to begin with a moment-slope relationship of Kq. 56. The 
slopes are considered linear functions of the end moments. Proceeding 
ina manner similar to the development of the theorem of three slopes, @ com- 
“plete set of moment-slope relationships for the entire continuous beam can be > 
i 2 This set of equations will guarantee equilibrium rather than con- 7 
tinuity. The condition of continuity at each joint must be introduced and — 
. the theorem of three moments is then obtained. It expresses the joint mo-— 
ments as functions of the e simple beam end ‘slopes and can be solved directly — ; 
for the moments. Eq. 57 has been given for obtaining simple beam end slopes _ 
_ To develop the theorem o of three moments, it is necessary to shift to a bend- 
ing moment sign convention. —Itis also | necessary to differentiate between a. 
slopes | (rather than the moments) « on the right-hand side and left-hand side of 
a support. — Thus, slopes must have double subscripts whereas joint moments 
need have only single subscripts. Since these changes are very confusing, the - 
development | has been omitted, the outline merely | being given to indicate a 
possibility | for those who may ' wish to | pursue the study further. ae 


> 
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107 
. 
4 
The design computations for a given loading can be written in a manner similar —— 
to moment distribution after the elements of the coefficient matrices [(C.]and 
| 
S. 
4) — 
b) 
ny — 
en 
ce. 
be — i 
by 
A 
ich ff 
pod 
x5 In Fig. 5, a continuous beam is shown with parabolic haunches and simple _ iii 
y supports. A row of standard stiffness values for each span is shown as deter- iii 


mined from graphs pt ublished_ by the Portland Cement Association. 7 Since 
- these | graphs give the carry-over factors, the secondary stiffness values must 


be computed. — Just below the stiffness values are the stiffness matrices for 
each span, showing a eit — for the end spans ¢ caused sed by ‘the simple | 


4 


a 


PL=1x32=32 


= 


‘5S +255 
0.180 . 


| 45.76 
—2.24 


4352 -32314321 +1.16/- 

-0.46 +2.60 +1.42|-1.42 -6.56 
4142.74 -2611+260 +1421-142 OL 
(0.023 0.162;PL 

+0.74 -5191 0 oO [40.74] 

+2.43/+2.75 +0.99|-099 [uJ=|-5.19 


‘The left-end and right- end stiffness [Ka an 


= 
10.2 


3 


By adding Eqs. 77a and ad 776, the matrix is is obtained 


73 28 7.3]. 


~~ 


— EAN war 
— 
= 
ae 
— 
diag 
sul 
08L 
st. = -1 
(10.2 7.8 : this 
— 
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MATRIX 


‘The reciprocal i is given by 
341-126 58. 


0685 —0. 0253 0. 


~126 299 —126 
3 —126 0.0107 —0.0253 0.0685) 


The ([K] and [K]" are symmetrical about the principal diagonal 


—0.0253 0.0600 -0. 0253 (79) 


and also about the diagonal running from the upper right- hand corner 


ward (the e secondary diagonal). This second “occurs because the 


beam i is itself symmetrical about its center" support. | a : 
The matrices [Co and are to be 


| “076 (+0.180 


—0.180 (0.514, 


wa 


[0.486 +0. 180 —0.076) 


It should be noted that [od can be. obtained yi [Ca 7] by two rotations of 


diagonal. — condition i is caused = — of the beam about its center 


—0.212| 
— 0.486 


076) 


For any given loading condition, fixed-end moments can | be « — from 
‘graphical representations of moment coefficients. The unbalanced moments © 
t igs can then be determined, and the corrections fel. and [b] can be computed 
by a matrix multiplication as shown in Eqs. 81. The convenience of using 
“this: method for calculating influence lines should be ‘apparent. 
Four solutions for four positions of a unit load in the second span are shown 
r Fig. | 2. The c components of the correction ve vectors have been computed i in 
= case by. a matrix multiplication using Eqs. 81. The fixed-end moment — 
coefficients have been taken from a booklet issued by the Portland Cement — 


“Association? The column ‘vector of moments is shown at ‘the 


tight each case. i 


ie development is also limited to the consideration of continuous eee: 


on supports which are fixed against, translation. _ ‘The process of moment, = 


| 
nce 
lust 
iple 
— 
q 
| 
| 
The correction vectors and [0] tar 
an 
(771 > 
DEVELOPMENT OF MOMENT DISTRIBUTION 
— 
— 


"tribution eo consists of a sequence of cycles of numerical computations. . Each 
; cycle has two steps. In the first step all joints are are balanced and i in the second 


. 


the “ carry-over r calculation 


: individual other than the original computer. ; A statical moment sign conven- 
tion will be used through this part of the ‘paper. +f (After submission of the 


appeared in which several matrix® equations were presented corresponding 


_ closely to some . of those contained in this part of the paper.) a | 


tion by considering a beam for which the final, ‘moments can be obtained by 
performing only one cycle « of computations. Such a beam i is one having only 
one effective joint. Three ‘examples are shown in Fig. 6. — These beams do not 


Modified _ 


___ Structure and Loading 


Dy2Ki2=3 


05) 
+30 ir Modified 


2 +15 Stiffnesses 
| +45 


to be p prismatic. The beam in Fig. 6(a)_ has modified values, 
computed by using the appropriate end ‘rotation constants. It is only neces- 
a sary to perform the first step of the first eycle of moment distribution to obtain 
the final solution n. As similar type of case is shown in Fig. 6(c) in which a single 


distribution ¢ of moments s at joint 1 gives ‘the final solution. — The ‘opportunity 


“ 
were antisymmetrical. 


The factors are shown in moment di: distribu. 
distribution step of the cycle the s which, 


is performed i in 1 each sp span. Although 


— 
i Tti is possible to give a si simple illustration of the process of moment distribu- 


av, 4 


— 
a 
T 
Ki3 =3 T a 3} 6 4 
| 
ding. A similar opportunity would exist if the load- 
In Fig. 6(6) is shown a beam that requires both 
Seomplete solution. The stiffness matrix for each spat 


the fixed-end give the final moments at joint 1. 


In each of the examples of Fig. 6, the computations at the effective joint 


‘over step determines the outer end moments. 


~ 


: The final moments are obtained by adding to the fixed-end moments the cor- _ 


7 rections a and b. This procedure corresponds exactly to the method of solu- 


- tion described in Part II and illustrated by Eqs. 76. In the present case the = 
7 eolumn vectors have only one element and, hence, are ordinary | numbers. The 


with, the usual moment distribution procedure. 


Matrix ‘RecrprocaL EXPRESSED BY 

As was stated in Part I, ‘most of the work in ‘solving a continuous 
- beam of many spans lies in the evaluation of the reciprocal of the st 
matrix [K]. Instead of calculating this reciprocal by using determinants as 
_ explained in Part I, it is possible to obtain this reciprocal by a converging ap- 
_ ‘proximation method. The: method can be developed by expressing [K]“ as 
a power series of matrices. This process leads to a complete mathe- 


matical | explanation of moment distribution. 
The matrix [K], for a beam with three effective joints (see Fig. 4), is given ‘ 
Ra 
2:K 


neces: his matrix can be into two parts defined as follows: 


7 


0 


Them matrix is a matrix containing the diagonal elements of CK]. 
The matrix [R] contains the nondiagonal elements of [K] with negative 
reciprocal of [D] will in the develop ment and a convenient rule’ 


a 


obtain 


Each 
| 
cond 
other 
SCE, | in which 
— 
lo not 
= 
4 
_| 
on 
h span — 
ted. 
stribu- ; 
which 
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MATRIX ANALYSIS 


= computing the reciprocal of a diagonal matrix can be established. _ Evaluat- 


g by determinants gives 


0 


Inspection shows that [D}> is also a a diagonal ‘matrix formed by replacing 
each of the diagonal elements of [D] by its reciprocal. 

rom Kgs. 84 to! 86: > 


ak 


Eq. 88 may y be written 


omes convenient to define the matrix x Ley . 


ing the 


example, e, assume that 


‘lgebra regarding the of a product of two matrice matrices. 


both s sides of of Ea. 93 93 by 
= 
Postmultiplying bot both s sides of ‘Eq. 94 by 


Eq. 95 with Eq. 92, it is that the reciprocal of a product 


of two matrices equals the product of their reciprocals—in reverse order. From 
this rule, and from Eq. 91, (K]" can k be written — a 


ine = 
I D ; 
7 In ne it is not aasiaaie write a matrix division asa fraction because 
“ of the ambiguity that arises as explained in Part I. 7 However, the fraction — 


in 96 has the identity for a and, hence, 


| 
| 
bi 

| 
or and the reason for Us tk 
transpose |@ | instead 4 ine bsequently. Eq. 4 
) 
ll 
| é 
i 
q 
ag 
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MATRIX ANALYSIS 


in order that it be compared with the following known 


Zz This infinite ‘power series can be e derived by app wn the binomial theorem or 
by direct long division. number unity of ordinary numbers is comparable 
to the identity ms matrix in, matrix x algebra. Hence, by comparison: 
The validity of Eq. can multiplying both sides 
binomial (7]-(CQy. A rigorous mathematical proof of the correctness of 
| this series requires that the power matrix shall approach the 


| matrix a as n approaches infinity reciprocal (K}? can now be by 


Moment DistrisuTion 
was in| Part II, the correction vectors [2] and are given by 
Substituting Eq. 99 into Eqs. 100, 
(LOY) + {LOY} + Cu]. 401s) 
The physical significance o of these equations can be noted by writing tl the matrices 
in n expanded form and considering the operations term by term. ‘First, con- 
sider the two matrices in front of the heavy brace in each Assumea 


ote 


Ku 


da 


x n this matrix the ‘diagonal ¢ elements are the distribution factors applicable at se: 
2 left end of the members | (or the right side of the joints) as ;used in moment __ 
10 distribution. The nondiagonal e elemehts ar are of a distribution factor 


— 
4 
37) 
i 
ing 
88) | 
7 
ok 
) 
of 
(93), 
| 
(95) 
duct = 
‘rom 
— 
ti 
im 
7 
— 
— 


and a corresponding over factor. it is convenient to these 
elements by a letter with appropriate subscripts. Thus, 


~ quantities ‘which are well known. 7 Tf the distribution factor ‘dos, a8 used in 
- moment distribution, is referred to as a primary distribution factor, then the 
- quantity ges may be called a secondary distribution factor. This is analogous 
to calling K2;3 the primary stiffness v alue and R2; the secondary stiffness value 
as introduced in Part II. In both cases the secondary value i is obtained ained by 
multiplying the primary value the c carry-over factor ros. Thus, 
= = Tas Kas; and = 123 das... 
It is possible to e the secondary distribution factor in a manner 


which i is exactly the same as that used for the primary factors. ‘Thus, — 


Since the distribution factors can be calculated directly from the corresponding 


¥ stiffness values, an analysis of a continuous beam by matrix methods does not 


require computation of the carry-over dis- 


tribution factors, Eq. 102 becomes 


of the series : 


— 


Lu 


— 
— 
— | 
t ico the ralationchin of the quantity to other 
Pw 

| 
| 
g 

| 

Now consider the terms of ‘the power series of Eqs. 101, term by term. 
rs are to be computed using only 


October, 


the first, the first row of each coefficient matrix is multiplied 
+73 by the first element of the vector [wu], the two quantities obtained : are —di2 U1 
and - ui—the | products « of the unbalanced moment at joint 1 and the 
; tribution factors. The contribution — dis u; to the value of a; is thus exactly is 
» the value of the contribution to the final joint moment which is made by the 
_ first step of a moment distribution cycle applied to the unbalanced moment at 
joint 1. " Similarly, the products of all the diagonal elements of the coefficient _ 
matrices of Eqs. 108 and the vector [wu] provide the same contributions to the 
er solution as are provided by the first step of the first cycle of moment distribu- — 
-tion in which all the joints are balanced. wath 
r, Consider 1 next the effect of the nondiagonal elements, or secondary distribu- 
tion: factors, of the coefficient matrices. Consider only the elements of the 
second Tow of the matrix of Kq. 1084. The nondiagonal element contributes 
— us. to the value « of ax From the definition of q, the contribution is 


hy d32.u3. This quantity is the contribution to the joint moment on the | 


. 


right § side of joint 2 brought about by the carry-over calculation in span 23. 
| Thus, the nondiagonal elements of the coefficient matrices correspond to the | 
second step of a moment distribution cycle. 


Consequently, the coefficient matrices of Eqs. 108 represent, in matrix nota- 
tion, complete eycle of ‘moment distribution. T These matrices— 
and 1_when applied a column vector [u] of 
otis moments make the same contribution to the final solution as is 
made by one complete cycle of moment distribution. 
oy Consider now that the correction vectors [a] and [b] are to be computed if 
y using the first two terms of the series of Eqs. 101: 7 ae ' 


= 


© 


23 0 


——_— fm 
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1es8e 
4 
hus, 
103) 
iin | 
the | 
| 
104) 
105) 
ding 
diss 
4 
06a) 
for the first term, Vecuor Epiaced DY une produce 
In expanded form, this product (see Eq. 90) becomes 
y the 
id 
107a) 
107d) 
108a) 
~ — 
Consideration of the coefficient matrix [Q]’ of Eq. 112 shows why the trans- — 
CQY was introduced rather than [Q]. The subscripts of the elements 


5 
From consideration of these formulas, the components of Cu’]a are he 
- the unbalanced moments remaining at the joints after one cycle of moment 
distribution has been completed. Since it was previously show n that the 
coefficients -[K. and —(k correspond to one cycle of moment 
og distribution, it should now be apparent that the first term of Eqs. 109 | corre-_ 
sponds to th the first cycle « of 1 moment distribution and the second term ‘corresponds : 


tothe second eye, 


101 corresponds: to the third -eyele of ‘moment distribution, etc. ‘Thus, it is 
ez 4 established that a complete ma‘ mathematical statement of the method of moment 
7 - distribution can be given in ‘matrix nc notation as as follows: ee 


3 + cer- {LOY}? + {Ley} - .(1148) 
ih making certain limiting assumptions, R. Oldenburger proved 
the convergence of moment distribution, this theory has not been given very 
_ extensive treatment by mathematicians.® Eqs. 114 show that this convergence 
‘upon the convergence of the st series within the braces. any 


PART IV. VARIATIONS ‘MOMENT DISTRIBUTION 


— 


os computation  mathede ; in which the reciprocal of the stiffness matrix is computed 


= 4A by using determinants. With Eqs. 114, it is possible to devise a number of 


different converging approximation mi methods of solution using matrix methods 
(of computation. _ The method of moment. distribution, with its cycles of nu- - 
I merical | computations, is in exact correspondence with Eqs. 114; yet it makes 
“no use of matrix methods. _ It is possible to devise combined peveedures which | 
se both matrix methods and moment distribution. © Lateeaamnieah of two 
methods, based upon Eqs. 114, will be given, 


_***Convergence of Hardy Cross’s Balancing Process,” 
chanics, December, 1940, PP. A- 166 to A: A- 170. 


aj 
| 
a _ show that the matrix is in transposed fort 
[u’] individually gives 
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Simi it can be shown that the thir rm she po 0 
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A Compre 


correction vectors [a] and as 


tal... 


i in which (ali is a eee of transformed unbalanced moments defined by 


[a] = Cu] + Cw] + Cw") + + 


vectors [u’], [u’’], etc., are the unbalanced moments remain after 


each eycle of moment distribution and be the the formulas: 


= 
= 


of these vectors is multiplying the previous one toy. 
‘Iti is interesting, and rather surprising, to discover that the unbalanced moments — 
_ which will exist after ed given number of cycles of moment distribution can 


computations. ‘The elements of the vectors [u’], [u’’], ete., decrease and 
rapidly “approach zero. To. obtain the accuracy, to three significant: places, 
which is customary in structural design practice, in general, the four vectors 
¢ of the type given by Eqs. 117 will be sufficient. _ Each additional vector usually 
| > - one additional si significant figure accurately. . The accuracy of the final 
Bes however, cannot be gn greater than the accuracy of the fixed-end mo- 
7 ments, which are seldom obtainable to an accuracy greater than three signifi- 
= cant places. _ For several practical reasons, significant figures i in excess of three rr 
are generally found of little use in design practice. = . 


After the transformed vector [a] has been computed, the ec correction vec- a 


tors [a] and [b] can be determined from Eqs. 115. However, it has been 


shown previously that the contributions t toa ‘solution made by 
a vector of unbalanced moments by the factors — —[K.J[D]}" and —[K,][D]}" 
correspond to operating on the vector with one cycle | of moment distribution. 
‘Thus, it becomes apparent that a solution can be obtained by first computing 


[a] and then performing one cycle of moment distribution with this set oh 

unbalanced moments rather than with the actual values of[u]. IRfany joint i is 

slightly out of balance at the end of the cycle, sucha joint should be balanced. a 

‘The foregoing procedure employs both matrix methods and moment distribu- 7 

Fed . It is recommended « only for beams that are to bea analyzed for one or e or two” 
loading conditions or, more > specifically, when number o of f loading conditions: 
less than the : of f effective joints. 


If a given beam is to be analyzed for only one loading condition, the de- 
1) | signer who is familiar with moment distribution will undoubtedly find it the — -_... 
nt 
ds — = 
q 
a) 
ry 
1ce 
ny 
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| 
| 
ted | 
of 
od 
kes a 
ich 
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to of ellective joints, | ‘a different | process 
_ analysis will be found to require less time th: than the one previously described. 2 
This second method ‘employs only matrix methods and becomes especially 

useful when the number of loading conditions greatly exceeds the number of 

- effective joints. _ Qne such case is evidently the computation of influence lines 

by placing a ‘unit load at various points along the bem 2” 

_ Referring to Eqs. 101, the complete coefficients of [wu] may be evaluated to — 

obtain the coefficient matrices [Ca ] and [Cs] 2 as introduced in Part II (see 
7). The The vectors [a] and [b] become 


| 
Eas. 101, , the for [C. J and [Co] 


= + LOY + + .(1190) 


= + COY + (LOY)? + +--+}. 


ie 118 and 119 provide a method of successive corrections for calculating 
(Ce 7] and [Co] that may be used instead of determinants as s explained i in Part I. LL 


joints— 
, when (eli is of the fourth o or higher order. Substituting Eqs. 

(dis 


s The first step | in 1 the numerical ‘computations i is the © ovaluatio 


fourth- -degree term in the e series will be the highest of Tey which is 
needed. Each term of the series is computed by multiplying the previousterm 
er _ by (Oy. In order to perform this calculation, it is necessary for the designer 4 

to have a ‘convenient rule for setting up the matrix [Q]’ in expanded form. — : 


_ Referring to Eq. 112, for a sa with three effective joints, [Q] has the form: 


? 


( 
a 
the me 
18 
7 
(1200) 
n of the matrix 

bal 
g 
im = 
(122) 


( Jetober, 1946 


In this matrix the elements have wahouigte that agre agree with their position i in 
the matrix. . T he first t subscript of an element indicates its row and the second - 7 
subscript indicates its column. a > he q- -values 0 occupy the subdiagonals and the | 
| superdiagonals whereas all other elements of the matrix are zero. The sub-_ 
scripts also correspond to the joint and member, the first subscript indicating 
the joint. It is convenient to set up [Q] first and then transpose to obtain roy. 
If the coefficient matrices of Eqs. 120 are considered, the nondiagonal ele- 
; ments are the same as the elements of [Q]’. The superdiagonal enters the 
- formula for [C,]; and the subdiagonal, the formula for [Cy]. The diagonal — 
elements of these coefficients are the distribution factors for the left and right’ 
ends of the members, respectively. — Consequently, the only quantities that 


enter the e evaluation of [C. jand [Cs] by Eqs. 120 are e primary and ‘secondary, 
distribution factors. 


NUMERICAL E XAMPLES 


An 1 example will be e solved using each of the two \ variations from ‘moment 
distribution. which have been described. A five-span beam, having four ef- 
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FIVE SPAN PRISMATIC BEAM 
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7186 +137 -166 


‘METHOD OF ANALYSIS 


‘Fic. 7.—ComParison or 
_ fective joints, is chown i in Fig. 7(a). Each span is prismatic, thus having the 
“same stiffness value at either end and a carry-over eo of o one half. 7 The 
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18) 
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206) 448) - 62/4212 -196/+122 -97| 
the = 75/474 -136/4137 -166 +166 -78/+78 
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- tribution factors are shown for each joint and below them the sosendary factors. 


2 0 - 


_ Transposing and converting to decimals, 


i 
250 0 033 | 


This matrix must be used in silat of the two aw of Riess 
A set of fixed-end moments are assumed as shown in Fig. 7(b) . tes un 
balanced joint moments which form the components of the vector (u] are 
noted in the box over each joint. Using Eqs. 116 and 117, the components of | 
_ the -sarngger-on vector Ca] may t be e conveniently computed as shown i in 1 Table 


| 


‘The last column is obtained by ad adding : all the previous columns. ‘These trans- 
ormed unbalanced moments are shown in ‘Fig. 7(b) just above the actual val- 
ues. The application of one cycle of moment distribution to the e components 


_ The: second method of solution requires the ; computation « the ee 


0214 0 0 


10. 333 0 
167 
= 


= 

(124), 
| 

— 0 -0.286 70.2 

— 

| 
— 4 
— 
— 


oer 

0.048 


bo 


0) 
| 0 0.012] 
0 0. 0.022 
009 0 0.004) 


ing these matrices, _ 


U1] + + (tory + (COV)? + + icone 


—0.288 1.174 —0.394 

(0.012 —0.189 1.037 
4 


The te products and are are given b by 


0.333 


. 


‘i oo 0) 
‘| 0 0.286 wor os) 
‘ oO (0.167 0.4 
diagonal ele 
primary distribution The nondiagonal elements. are taken 
from the matrix in 1 the preceding computation (Eq. 125d). The 
cient — are computed ai ‘Eq. 119): a 
1.062 0.246 0.084 — 
0. ‘571 0. —0. 304 OO. 079| 
0.383 0.2|| 0.085 0.338 1. 151 —0. 226 
-0. O12 0.057 189 1.087) 


0128-00. 0.042 0.010) 
0.136 0.558 0.158 -0.030| gg 
0.026 101 0. .132| 


* * 2 

24) — 

— 
sof 
{ 
able 
ar. | ~ 
os — 
= 
ms of — 
1254) — 

— 


0.25 0. 429 0 —& —0.394 0.079 
286 0. 667 —0. 1.151 —0.226 
O12 0.057 0189 1.007, 


—0.026 0.110 0.655 


= 


correction vectors can now written as 


—0. 469 —0.128 00 042 
| 0.136 —0.558 —0.158 
~ | —0.026— 0.101 — 0.346 —0.132 


7 . 
0.118 —0. 


23 —0. 0.042 0.00 0.007). 


—0.142 — —0.030 


(-0.009 0.034 —0.377 


=i _ The co components s of the correction vectors are thus expressed as as linear —_— 
of the unbalanced moments. The elements o of the coefficient matrices are 
dependent — on the physical characteristics of the beam. In Fig. . 7(c) the 


computed 129, are ‘written directly below the fixed- end moments. 
addition gives” the final solution. If solutions for additional loading 
Bee are desired, it should be a name that the s solutions could be ¢ com- 


' 


The linear equations that govern continuous beams have been 
and solved in the notation of matrix algebra. A c complete algebraic statement 

of the method of moment distribution has been given. Matrix computation 
y 4 methods have been 1 illustrated. The problem treated in this pap paper is the most 
type of indeterminate st structure. joints have o only one degree 
freedom This limitation in the physical scope of the paper was considered 
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ION IN HYDRAULI Cc STRUCTURES, 
A SYMPOSIUM. 


Discussion 


45 
Durr A. ABRAMS, M. AM. Soc. C. The Symposium | paper, by 
Mr. Warnock, consists mostly of a recital of some of the minor ailments that 
q ~ have been encountered by the Bureau of Reclamation, U. 8. Department of 
"the Interior (USBR), since about 1910, in the operation and maintenance of 
“some of its hydraulic structures. The treatment of a “Boulder Dam ‘Spill- 


way Tunnel” could have been expanded to advantage, in proportion to it 


Boulder Dam Tunnel.— —The considerable toa 


to “erosion” and to wear” (77). The evidence given 
cc this claim for ‘ eengpory-ryaal is: “The misalinement is defined by the 
position of the rope in Fig. 44.” In the writer’ 8 opinion, a photograph of a 


rope is not very setae as scientific evidence; especially in view of certain 


— * The ‘ “misalinement” shown may have been due to any one of a number er 


of causes that had nothing to do with the damage to the concrete lining es 
The “misalinement” may have occurred after the damage. 
_ 3. An official report of the USBR published i in 1938 stated that there was 
‘no misalinement in the Boulder Dam spillway tunnels (78) (78a): = —™ 


ie ae * * The Boulder Dam spillway system is designed with the expecta- 7 
of obtaining practically flow in the lower tunnel 
ow here maximum velocities occur. — 


4 — 


| i, Nore.—This symposium was published in September, 1945, Proceedings. Discussion on this Sym- 
poston has appeared in Proceedings, as follows: December, 1945, by C. A. Mockmore; February, 1946, 
N. Bradley; March, 1946, by J. M. Robertson, and Fred W. 1946, by John 8. 
MecNown; May, 1946, by James W. » and ‘Fred Locher; and 
ER Van Driest. 
Cons. Engr., New York, N 
the Received May 1, 1946. 
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Di Discussions 


to eliminate negative or vacuums, it is not 
that erosion will occur due tocavitation”” 
4. The damage wa was in exact accord with the teachings of model cette of 
concrete ‘erosion, published by the USBR prior to damage. 
Apparently p previous inspections during seven years after completion had 
revealed no misalinement in the tunnel lining. 


6. Even if one wished to accept the hypothesis of “cavitation,” a statement 


y Mr. Warnock makes it impossible to do 80: — 


7 “Actually, the coat of black waterproofing and mineral deposit was intact 
in many places, showing no effect of direct scouring by the ad velocity 


water immediately above and below the eroded area. 


a. Mr. Warnock continuously keeps | before the | reader the merits of many 
types of model tests. The word “model” (“laboratory studies,” 

J “laboratory investigations,” ’ ete. ) is used twenty times; but i in all his comment . 
a ‘ene testing he omits one of the most significant ‘ ‘model- -prototype” rela- 
tions to be | found in the literature. By whatever name it is designated, the 
performance of the Boulder Dam spillway was exactly in accord with the teach- 

ings of model tests made by the USBR ten years earlier. rie eee rae 
Prior to the construction of the dam, » two types of model tests were con- 
7 ~ ducted: (a) Erosion of concrete blocks by a a jet of water at high velocity; and 

(b) hydraulic model tests of various spillway features. — Sia 
eg - Before discussing the model tests, it may be well to review what happened. 
oa Boulder Dam is a concrete arch-gravity structure, 727 ft high, completed by 
 -USBR i in 1935. Two ‘spillways were built. Water discharges into a side- 
¥ _ channel spillway and then into a concrete-lined tunnel (50-ft inside diameter), 
inclined to the nenene at 50°. es Water storage it in Lake Mead (above Boulder 


4 pare the ated of the “prototype” with the models. During four months 
in 1941, about 13,500 cu ft per sec was discharged by the J Arizona spillway. 
This wae: designed for a capacity of 200, 000. cu ft per sec. ‘The quan- 
; ‘tity discharged was about 7% of the rated capacity, and was considered s0 
’ insignificant that no hy draulic 1 model tests were made with less than equivalent 

discharges ‘of about 40 ,000 cu ft per per sec. Nevertheless, the discharge for 8 
ad short time of 7% of rated ed capacity produced th the e following rath rather ' startling results: 


— (a) Ripped a hole 115 ft long and 33 ft wide at the bottom of the drop in in 
~<a (0) "Washed a away a seven-year-old concrete lining to depths of as | much as 
sae, (c) Excavated a a hole 25 ft deep in the native 1 rock; and ae 


aoa required seventeen months, and cost $250, 000. 


ores, The principal feature of the 1 repairs was the placing of 1,460 cu yd of concrete. 


for accuracy of alinement and rigid control of concrete manufacture and 
— placement help toinsure this.” *** 
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ON CAVITATION | 


It may may onem m strange that the concrete lining was as much as 25 ft thick; but 


the bottom of the drop was in ‘tunnel plug”’ built seal off ‘the ne upstream 


of the original 50-ft diversion tunnel. 


Model Tests of Concrete Erosion.—In 1931, and B. W. 
Steele, Assoc. M. Am. Soe. C. E., wrote ‘“‘Tests of Concrete Blocks Subjected 
to High Water Jet Velocities.” These tests were made two years before the 


first concrete was placed i in Boulder Dam. — The complete report was reprinted : 


in 1938 (78d). % The original ‘purpose ¢ of the tests was stated as follows (78c) : 7 


“Experiments were made to determine the resistance of concrete to erosive a 
action of clear water flowing at extremely high velocities. Although the | 
experiments were not part of the laboratory tests of hydraulic properties of 
spillways, they were definitely related to the practical performance of the 
spillway structures. Since no previously existent structures had been 

known to carry water at velocities of nearly 180 feet per second the investi- : 
gations were of ec considerable importance.” 


Attention i is directed particularly to the statements: made seven years after : 


1. the (a) The tests ‘ ‘were ma made to. dete: determine the resistance of ¢ conerete to ) erosive 

They “were definitely related to the practical performance of the 

' - In 1938 8 the USBR announced the titles of forty-one volumes of reports that a 

pened. in “process of publication, giving technical details of all features of the 

ted by “desig and construction of Boulder Dam and appurtenant works, Seven of. 

1 side- - these books are devoted to the $500,000 research program on cement and ; 
meter), concrete. Perhaps" it was some measure of the relative importance | of the 

oulder subject that the report on “Model Studies of of Spillways” (78) was the first. to 

com appear of those having to do with concrete. 

months j | Sixteen small blocks of concrete, 18 in. | square and 6 i in. thick, were made __ 

villway. ® ia Denver, Colo. _ The mix was 1:2:4 using sand and gravel graded to 1} in.; a 


e quan- 4 water- cement ratio, 0.63, by weight; and slump from 3 in. to5in. The blocks. 
ered 80 “were cast on smooth, plane steel plates. The ‘he type of i cement and the strength 
ofconcrete were not reported. 
gu At ages of from 40 days to 138 days t the blocks were subjected toa stream 
of water at velocities of from 100 ft | per s sec to 175 ft per sec. The stream was 
applied i ina downward direction by means of a fixed nozzle that tapered from 
-4in. inside diameter to 1 in. in 20 in. ‘The test block was bolted at the: required pe 
“angle, so that the stream impinged | on the surface 15 in. from the nozzle. 
Bp Coneraly ¢ the stream was applied at an angle of 90° to the bottom surface of — 
the blocks, although angles of 5°, 30°, and 45° were also used. Ons some of the _ no 
blocks, other methods were used, such as playing the stream ina circular: slot oa - 


cast i in the con concrete, ¢ or against : an offset cast in the concrete. e. The treatment 
was continued, from a \ few hours to two days—in one instance for five weeks. 
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ABRAMS on CAVITATION 


Typical Results Tests Concrete Erosion — Block A- 2 was 


surface was worn | off i in tl the Shape of of an annular 


‘The gestions of ays ys that are to the 
velocities have unformed surfaces; hence the foregoing test, made contrary to 
pian, gave the only information in the entire report that is directly applicable 

to the conditions at Boulder Dam. — The remaining tests on block A-2 were 
made on the “formed” surface, but | gave more tangible information on the 


dimensions of the ‘ “annular ~~ ° oe end of a three- week test: 


“Erosion was confined to strip 1-inch wide on outside of a ‘circle of approxi- 


‘mately 4 4-inch diameter. Pits less than 3 2-inch 1 deep” (78d) 
¥ “After block he 2 had been onlen: test at 175 ft per sec at 90° for five weeks: 


ban 


of erosion less than Linch deep” (78d). a ‘It is not clear how a nozzle that dis- 
charged a scattered | spray 4 in. . in diameter could form a hole in the concrete 
‘i -inches square at the bottom. m > This | question would not ordinarily be 
_ important, but in this instance the information. appears in an official USBR 
“report a and concerns data on W hich Boulder Dam was designed and built. eo Ll 
‘The tests on block A-2 were the most extended in the program. | They 
_ demonstrated fully the fundamental error of ' applying a scattered spray, rather 
than a concentrated jet of water. At the same time, they showed the inability 
of this concrete to withstand e even this is mild 1 type of erosion. I In testing block 
Fe A. the stream from the nozzle entered tangentially a “12- inch ‘semicircular 
groove’’ cast in the concrete. 4 
TABLE 2 ESTS ON ONCRETE LOCKS mately } inch.” 


scattering of water, rebound, 
Block | ipeitye | D Observed dete setup w were entirely inadequate 
No appreciable erosion applied to Boulder Dam 


150 No appreciable erosion 
9. Small rough spot, some spillwa ays. the stream 


Verytiseroson at small angles the | 
-| 175 | 2 Very little erosion _ treatment was still less signifi 
persecond. cant. Notes from the report 
nozzle set at af to the test surface are presented i in Table 2. 7 — Of ec course, “very 
little erosion” resulted from this scattered spray, which did not remotely re- 
ent perating condi Boulder Dam. These notes are 1 of th 
2 semble operating conditions at Boulder Dam. _ These notes are typica ol the 


ae data from | the model tests of concrete erosion; but the destructive 


1. 


-1.. | 


2. 


> 


effects of these innocuous treatments were overlooked entirely i in the design § 


Comparison of Model and Prototype-—Although it is apparent that the 


‘model tests, of concrete | erosion were inadequate to represent conditions al 


| 
= 
7 
— 
4 


Boulder Dam, it is extremely interesting to note the almost perfect 
between phenomena for model and “prototype”: 


Conerete model tests, Prototype tests, 1941 


Under jet velocity. of 175 ft per Ata velocity estimated by Mr. 
sec; cavitation of } in.in one day; Warnock of “at least 150 ft Me 4 
wore an annular ring in fivedays; _—sec,” and at 7% of designcapac- 

a hole “1- inch deep and 12-inches 3,000 tons of rock and con- 
square” in five ‘weeks. ‘crete was washed away in 3 
The superior quality « of the spillway concrete, as a result of its age of 
— years, was more than counterbalanced by the longer period of test. Ten | years  &§ 
a before the ‘ ‘prototype” was used, the model tests showed that concrete could do _ 
proxi- not withstand even this mild treatment. The model tests predicted exactly Z 4 
aE ! the nature but not the full extent of the damage that was to occur in the spill- : 
Rest. Concrete of Controlled Quality —The two quotations (78) (78a) given near arthe 
at dis- beginning of this discussion, published three years after the completion of 4 | 
yncrete Boulder Dam, assured the profession that: : “Comprehensive s specification pro-- 

q 


rily be ; visions for accuracy of alinement and igid control of concrete manufacture bs * 

USBR |) and placement help to insure this [streamline flow at critical sections ]’’; ; and 

that: “* * * it is not expected that erosion will occur due to cavitation.” — Mr. bs 

‘They _ Warnock now claims that the spillway y failure was due to the very causes that 


re: “Imperfections in the concrete, such as rock pockets, cold joints, porous _ 

g block | areas, lack of bond, etc., all made the concrete more vulnerable to this 
circular attack by impingement. Furthermore, the impingement of the high- 
yximum _ Velocity water on any exposed joints would cause the energy in the water — 
pproxi- to be converted from velocity head to pressure head. This pressure was 


probably transmitted through the planes of weakness in the construction 
joints caused by lack of proper horizontal joint Prior to to 


nent of 
Horizontal Construction . Join oints. —The damage described Mr. Ww is 


ith this ws 
dequate } attributed to the horizontal construction joints. © Nearly three | ‘years prior to 
er Dan | - the discovery 0 of the damage, the writer called attention to the defects of the — . 
stream water-air-gun method of joint ‘cleanup that was used at Boulder Dam, and 
gles the ‘Pointed out that the method (79): (a) Was dangerous, (b) should never have _ 
; signifi been | specified, and (c) should be strictly prohibited. — In response to this — 
» report q a criticism, R. F. Blanks, M. Am. Soc. C. E. (80), made a a vigorous defense of | 
with the (this method, to which Mr. Warnock now attributes the severe damage of the 
i e i That reservoir water i is finding its way freely into or ‘through the horizontal 
(1) In 1940 Tom C. ‘Mead (81) reported that: 


‘Knowledge of composition of the seep seepage should bate also i in 

understanding the reason for the deposition of — carbonate in the — 
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Discussions 
. 
here is quite Cold reservoir water, about 60° F, 
enters the drains where they intercept the horizontal. joints. | In passing — 
r ‘through the joints, the cold water became saturated with calcium hydroxide © 
- from the cement . Water i in the drains i is heated to about t 100° F by the warm 
a rock. W. arm water cannot hold in solution as much calcium hydroxide as 
cold water; hence the excess hydroxide is precipitated in the drain holes, 
gradually becomes carbonated from combination with the carbon dioxide 5 in q 
water. It seems extremely likely that these drains will soon become 
inoperative as a result of this deposition of carbonate. 
in (2) In 1945, Clarence Rawhouser, Assoc. M. Am. Soc ; 
attention to “drilling of additional drain holes” under the middle of Boulder 
This: was made necessary, no no doubt, by the development of excessive 
hydrostatic uplift, | due to water from the lake passing freely into the hori- 


(3) In the same discussion Mr. Rawhouser gave data on one thermometer 


embedded 3 in the concrete near the middle of the bottom of the dam which 
is _ showed a most rapid rise in temperature for the first two years after artificial 
s anling was discontinued ; then there was a much smaller rise for three years, 
followed by a of about | 10° F during the last five years. The “unex- 


- of the hot concrete by the cold reservoir water p passing ; freely through the joints. 
"og (4) ‘Mr. Warnock < concludes that: ‘“‘The concrete was probably dislodged i in 
‘ quite large e pieces.” so sO, this was facilitated, doubt, by yy hydrostatic uplift 
aa (5) In two places i in his paper Mr. W arnock mentions the ‘ ‘mineral de- 
ef, posits” encountered in the area of the failure of the tunnel: lining. _ These 


wey deposits were undoubtedly due to lime from the cement carried to the surface . 


by lake water passing 1g through the horizontal construction joints. 
The Durability of Boulder Dam Conerete—One of the most dituchinn fea- 


tures of the damage i in the Boulder Dam spillway tunnel was a report issued by 
of the USBR. “At the same time that the USBR was spending 
- $250, — to to repair the the damaged tt tunnel, it was as informing the profession ¢ that (77): 


As 
ide “Bureau. of Reclamation tests that concrete of ordinary propor- 
- tions and controlled quality will withstand any erosive action likely to be 


Both the concrete tests and the spillway had previously demonstrated that 
“concrete of ordinary proportions and controlled quality” would not do o what 
ra is here claimed. The foregoing statement was published more than a year 
in 3 after it was known that 3,000 tons of conerete and rock had been washed out 
F eA of one of the Boulder Dam ‘spillways | the first time it had been required to dis- 
bos Summary. — —tThe concrete model testing done for the design of the Boulder 
spillw ays affords one 0 of the ‘most remarkable opportunities for ‘model- 
prototype” comparisons in ‘engineering literature. The results of the concrete 
= — tests in 1931 were completely corroborated ten years later by the first 
pre Oe rw run ofa Boulder Dam m spillw ay. _ The model showed decided pitting at at one 
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ro and serious erosion _—— five weeks of exposure to a ‘scattered spray of 
water at 175 ft per sec. In the spillway, 3,000 tons of concrete and rock were 
' washed away, in four months, by water equivalent to 7% of the rated ‘capacity. — 
_— The damage to the spillway tunnel was primarily due to erosion of the 
| an concrete (as had been shown by the n model tests) and secondarily to hydrostatic / 
4 


uplift from reservoir water that found its wa way y through the horizontal construc-_ 
tion joints. . This ef effect under a discharge ¢ of 7% of rated capacity, has a sig- 
nificance much more important than merely ran interesting example of concrete 
erosion. It demonstrates that: (a) ¢ Concrete cannot withstand the erosive 
action of water flowing in these spillways; and (b) this spillway, having failed to 
_ withstand a discharge of 13,500 cu ft per sec, is entirely inadequate to discharge 4 
the 200, 000 cu ft per sec for "Which it was s designed, 


: ‘more t than a year after the experience at the spillway tunnel ‘representatives: 
¥ the USBR issued a misleading : statement on the capability of this <a 
to withstand the service conditions to which it is exposed. — _ This statement is 
almost certain to lure other e engineers into the same types of costly and danger 
ous decisions that have occurred at Boulder Dam. OS 
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Discussion 
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‘Marsnatt Ss. Esa. =—Since 1936 th the U U.S. Department of Agri- | 
culture has followed a ‘procedure, whereby all proposed aerial photographic a 
projects are first submitted to the Office of f the Secretary for approval before 
photographie « operations are initiated either directly or by contract. _ During 
the period | from 1938 to December, 1941 (Pearl Harbor), all ‘applications to 
initiate work had to be ‘accompanied by an “Engineer’ s Estimate” of cost, in _ 
— the manner the author has indicated. During World War II the senivenens 
that an “Engineer” Estimate” be submitted to the Secretary’s | Office along 
’ with all applications to initiate aerial photographic operations was discon- 
tinued, due mostly to the fact that aerial photographic operations were greatly 


curtailed at the request of the War and Navy departments. — Furthermore, 
it was practically impossible to prepare cost estimates, because of delays and 

A resumption of aerial photographic | activities of the magnitude in effect 
: “during the period from 1936 to 1941, whereby practically two thirds of the area |) 
of the United States was photographed to rigid federal specifications by com- " 
‘mercial contractors, would necessitate the continuance of a thorough check of iq - 
estimated costs as balanced against contract prices to assure the government a 


commensurate return on its investment; and, what is equally important, would | 


‘require a ‘constant study to assure that the most efficient methods are employed. 
“This would also necessitate, 0 on the part of the contracting officer, a thorough 
7 knowledge of all improvements in photographic and flying equipment, field 
a laboratory technique, and an an intimate knowledge of the facilities of all: 


contractors. 


In the inauguration of the cost-analysis method outlined by the author, 
possibly the two greatest concrete benefits that were derived were (1) the 


~ Nore.—This red tn by F. J. Sette was published in March, 1946, Proceedings. — Discussion on this 


-. $j ‘sone has appear in Proceedings, as follows: September 1946, by T. W. Norcross, and James M. Cultice. 
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q months. % The map (benefit (1)), the cost of which probably could not be justified 
= any one single contractor, was a major contribution to the entire aerial — 
industry Admittedly, it did “do something about the weather’”’; 


reduction of approximately $1.00 per sq 1 mile (compare 1938 with 


1980 in Table 10) 
a Because of benefit (2), the « contencter was xs enabled to discontinue this work 
in the fall, a nd move to the southern states and continue photographic opera- 
tions in other contracted areas. The result was evident in lower bid prices — 
because the contractor his and on a 


United States in the be A Act for 1938 
following provisions which permit the sale, to the public, of Photographic 


“The Secretary may furnish of such aerial or photo- 
graphs, mosaics, and maps as have been obtained in connection with the — 
authorized work of the Department to farmers and governmental agencies _ 


and, most directly, it was probably the greatest contributing factor toward an 7 


at the estimated cost of furnishing such reproductions, and to persons other : a z 


as the Secretary determine, the money received from 

such sales to be deposited in the Treasury to the credit of the appropriations 

charged with the cost of making such reproductions. This section shall — ™ 
not affect the power of the Secretary to make other disposition of such or 7 


similar materials under any other provisions of law. 


all land- use problems, the Department has sold approximately $850,000 woth 
ge y of aerial photographic reproductions to states, public utility corporations, and 


individuals, excluding the great use for them by other federal agencies. 


will profit by paper. studies described were under- 
} taken at a time when the aerial photographie program 0 of the United States _ 
rough Department of Agriculture (USDA) was in its early stages. pr procedures 


of : all 


iy field q that developed from them unquestionably saved considerable money in the 


first year’s operation. Commercial organizations working on contracts with 


7 USDA also undoubtedly profited by these studies. Originally undertaken 

for the use of the USDA in administering its own photographic program, the © 

results of this pioneer work continue to be of use not only to the USDA but to 

.. users of aerial photography in the federal government and to all concerns 


: ve ‘a Chf. Examiner, Surveying and Mapping, U. 8. Bureau of the Budget, Washington, D. C. 
Ie 
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| 
mmercial 
a contractor the indicated map (Fig. 2) of the United States showing, by regions, i 
areas of comparable weather condition expectancies; and (2) as a consequence a 
fh of benefit (1) the over-all planning of seasonal work to permit a contractor to — a 
——  |___beawarde as if the northe art of the United States during the summe 
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S n t his paper | constituted a program of research which — 
7 tad never been pie on such a scale, by aerial photographers, individually 
: or collectively. a Reduced to usable and convenient form, they furnished sta- 
tistics on weather conditions by which, for the first time, the USDA could plan 
_ its photographic requirements in different areas in such a way as to take ad- 
vantage of the best weather conditions. was in itself a1 an 
economy to the government. 
enabled to forecast conditions under which iw yates be required to operate, 
thus lowering their bid p prices. s. During the first ye year that this analysis o of 
= conditions was available to the contractors, ‘it is is estimated 1 that th the 
USDA saved about $500,000. 
Be: In addition to the direct economies to the government and t to ‘the contractors 
by the availability of information on weather conditions, the studies described 


in this paper produced a second material, although less direct, benefit raeon ‘ 


. of preparing estimates, and of checking » the bids received ‘against them, con- 
stituted a an improvement i in administrative practice, , which, although n no longer 


q 


“earlier days of the photographic program, is still followed in general not only 
the USDA but also by “other federal departments and establishments. 

—<dAti is impossible, of course, to determine the extent to which this administra- 

s: tive practice of USDA influenced other federal agencies outside the department. 


_ purpose of making m: mape or charts now, recognize the common-sense value « of 

careful advance estimating. — In 1941, when these agencies (under the sugges- 

tion of the Bureau of the Budget in the Executive Office of the President) 
a developed : a uniform system f for accounting and reporting t! their performance and 

- costs, they included advance estimating for aerial photographic | projects. In 
this system the planning of aerial photography } can be separated into five steps: _ 
(1) Determination of limits of project; (2) consultation of records, to ascertain — 

_ what maps and photographs are already available; (3) determination of scale or 
= a flying height; (4) preparation of estimates of time and cost; and (5) administra- 
_ tive and technical clearance to conduct the work—that i is, to determine the avail- - 
of funds, obtain final authorization for expenditures, ete. 
Although the aerial photographic: requirements of the USDA and 
“federal agencies were many, at the time that Mr. Sette’s studies we were made, - 


aerial photographic interests of the United States are now even greater. - Dur- 
ing V World | War Il 1 the federal government photographed some 15,000, 000 sq 
miles i in various parts of the 1 world; and, with this and other available cz carto- 


beta areas s of the planet. Besides aeronautical charts, the armed forces also 


produced topographic maps on various scales i in many parts of the world. ti hall 


them up to date, implies a continued national interest in aerial photography i in r 


‘respect t to 1 not the continental United States but the ‘remainder of the 
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Discussion 


ROBERT Oo. THOMAS, CLEMENT WILLIAMS, 


Metver, AND Scorr B. 


Roserr O. Tuomas," Ai Assoc. M. ASCE. parts of this paper that 
deal with the practice of engineering and the future market for 

_ services are of especial interest. ~The subject should be given the widest pos- — 

7 sible consideration among all members of the profession. - _ It should be kept | 

.. ontinually alive by extended : studies and reports in the technical pre press so that 

. ~ the profession as a whole may be made aware of the dangers confronting it and 

Fi 7 so that they may be informed of the measures which must be formulated and 


_ practiced in order to arrest the present apparent trend toward artisan rank. 


a - For ‘an number of years, the writer has been aware of trends in the. practice 
attention was called by the writer’ in 1940. 
A study of past annual reports of the Society has developed information of 

considerable interest relating to the growth, both of the Society itself and of t the 
_ engineering profession in general. ‘The disparity between the number of new. 
‘members admitted each year since 1929 s and | the total onegs in Society member- | 

Table 7 illustrates vividly the fact that bit is. necessary for the Society 
abalk three new , members to secure a permanent gain of only. one member. 
Such ha condition i in a profession is one w ‘hich invites extensive research into the 

causes underlying the movement of men into and out of the profession. En- — 
_ gineering is not | a trade, nor is it a type of clerical work that can be taught | 
quickly to an untrained candidate for a job. The 11,126 lost members repre- 
“sent at least four years of study per member— huge investment in education 


; bey —This paper by Donald M. Baker was published in April, 1946, Proceedings. Discussion on this - 
er has appeared in Proceedings, as follows: Seetenben, 1946, by E. 8. Boalich, Russell C. Brinker, 

1. Ocsterblom, Samuel T. Carpenter, Lynn Perry, and L. E. Grinter. vo To 


“ Engr., Edward R. Bowen, Cons. Engr., Los Angeles, Calif. Press 


Trends in California,” by R. O. Thomas, Civil Engineer July, 1940, p. 466. 
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HOMAS ON EDUCATION 


(individual) and educational facilities (institutional). They represent a ‘group 

which certainly, at one time, expected to: the profession of 

a life career and prepared accordingly. 

_ Over the sixteen-year period, the actual loss, not counting ‘deaths, amounted 

toa total of 8,485 members. _ Each member should be regarded as an avoidable ~ 
loss—either avoidable through the 

TABLE retention of the men in the profes- 

AMERICAN Socrery sion of engineering andintheS Society, 

* avoidable through mor more enlight- 

ened guidance i in the  precollege 


iod to those seeking to follow the pro- 
It must also be remembered 


fession. 

_ that this group of lost engineers rep- 
resents: only those who are able to. 
_ number themselves among the group 


14,939 
14,910} 
15,069 

15,101 | 

15,459 

15,794 

16,000 


neers with which the Society 
‘never come in contact. In consider- 
‘ing the loss to the Society, several 
questions present themselves for dis- 


cussion. _ What has” turned ‘these 


11,126 


497 
18,244 


| 


"engineering or or have they merely left the Society? i) If they a are still following an an 


- fession they had chosen, or was their progress made difficult by the lack of 


those who had already attained reputation and recognition it in the aiid 
‘mee the causes, it is the writer’s belief that they must be sought out and 
_ subjected to searching analysis, because it is only on the basis of truth that the 


_ Tos secure an admittedly approximate answer to the c quntion of the composi- 


tion in in . membership of those leaving the Society, the writer made a . study of the 
membership as given in ASCE Yearbook for 1945. random 10% 
‘eampling was made which resulted in determining that 35. 3% of the members” 
listed (a total of 7,250) had been members of the Society in 1929. The 1 1929 
- membership was 13,315, from which it may be seen that 6,065 of the members 
‘2 the Society in that year were no longer connected with the Society. | } Inas- 
a much as there v were only 2,043 Juniors i in 1929, of which a considerable number 
must have advanced to corporate . grade; and, since there have been only 2, 641 


deaths to date, connie — those who wer were — in 1929 and those 


e, = | career, why did they leave the Society? ‘How could the profession | 
P ae a whole (or the Society | as the representative of the profession) have saved 
_ these engineers, either for engineering or for the Society? _ Were they unsuited - 
to practice the profession? Was some . other line of endeavor more i 
tive or more attractive? — Were they given opportunity to advance i in the pro- 
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of former members of the 
and ‘it does not include the loss a 
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eon, it is — apparent ant’ a@ major proportion. of those lost t to —_ 


| _ Society must of necessity have been corporate members. Why have these men 
2 who had followed the profession of engineering for an appreciable period and 
_ who had advanced to responsible positions in the profession, left the Society? 
| : ‘The answer to this question is vital. Even if these men have left the profession, 
P both: professional and sentimental instincts : should have kept their : membership 
alive and retained their interests. If they have not left why 


are they n no longer ‘members of the Society? 


~ the foregoing data from an inde- 
_ pendent: source, the writer had re- 
course to the admirable chart pre- 


ASCE, from. which Table 8 was pre-_ ~ =. | ™ 
pared. The chart included the re- years | 
sults of case studies of 5,000 civil | 3 
engineers by the Society for the Pro- 131 
"motion of Engineering Education; 
9,000 ‘mechanical engineers by the 
_ American Society of Mechanical En- 
gineers; 15,000 highway engi- 
| neers—a — total of 29,000 case his- 

q tories. The writer has applied the 
diagram to the theoretical histories of groups of 100 engineers beginning prac- 
tice in successive five-year periods. The data show that of 633 engineers of 
various ag ages, active in their profession, there > will be only 272 after a lapse of 
- fifteen ‘years, the remaining 361 having either | left the profession or died. — ‘This 


— a loss, over. a fifteen-year period, of 57% of the original total. — 
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38% of ‘the total practicing engineers. The large pereentage of f younger m men, 


TABLE 9.—ComPanison or ASCE AND 


-RIcHARDS | Morrauity the American Society 
Civil ‘Engineers: in 1929, 


Engaged in practice of engineering. . 13,315 


Leavin: duri 


parison of data as as developed _ the Society for the sixteen-year period, 1929 


to 1944, and as computed from the Richards curves for a fifteen-year period. 
Again taking into consideration the fact that a large > percentage of the case 


histories studied by Mr. Richards applied to highway , engineers (predominantly _ 
1s 


Guidance i in Lines,” Am. Assn. of Engrs., 1933,p.160. 
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_ younger men), and the assumption that engineers, taken as a whole, who are 
the type desiring affiliation with a professional society, are somewhat more likely - 
to remain in their profession than are those who do not so affiliate themselves—_ 
_ there still remains an excellent nt degree o! of correlation between the two | studies. 
7 It can probably be stated as a general principle, that between 45% and 50% 
of the men who train for and enter the profession of engineering leave the pro- 
fession for another line of endeavor prior to the termination of their working 
_ lives, and as a further corollary (assuming that practically all who leave after 
the age of 45 are lost by death) it 
ean be stated that they leave the 
_ profession in the first fifteen years. 
_ This brings to the fore the sub- 
‘ject t of the loss of Juniors who find 
themselves unable to > complete the | 
| requirements for transfer to the | 
| of Associate Member. This 
question has received deep and 
@ serious study by the Society’ s Board 
Direction, culminated ‘in 
raising the age limit for Juniors to 
- 35 in 1942. As time goes on, ap- 
‘it is increasingly more 


wo 


necessary year in responsible charge 
of work, and this condition is re- 
flected in the large number of Jun- 
iors dropped yearly because they 
reached the age limit. This 
is explained — by the large number 


Juniors, asa a of Total ‘Membership 


service field, where the opportu- 


OF oF  Juntors, ASCE, nities for ‘promotion, conse- 


Cauirornia, 1924-1939, anp Concunsawr 
_ CHANGE IN EMPLOYMENT CLASSIFICATION _ 


Jat bility, are slow in coming. 
shows graphically the trend of Juniors of the Society toward seeking 
employment | with the large civil service engineering departments, and perhaps 


Society. It may account, also, for a considerable number of the engineers lost 


quently for independent responsi- 


: 4 accounts in some measure for their failure to qualify for advancement in the ; 


to the profession, as the individual becomes 2s disappointed i in his chosen work 
when he finds the field to advancement and responsibility almost hopelessly | 


> a blocked; and he turns to other and more attractive opportunities s in other fields. 


the data presented herein the following questions are evident: Are | 
young engineers being educated, or trained, properly? If so why are they y (and 
-also an appreciable portion of older engineers) leaving the profession, or the § 
— they are not being trained properly, what should be done to re- 


ee engineering education? © ‘In the light of the demonstrated magnitude of 


_ the numbers of engineers who leave the profession, should the course be length- § 
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are ened ‘to include material from other major fields such as business administra- 
kely tion, public administration, n, ete., to better p prepare the candidate for an engineer- 
degree not only to succeed in the practice of engineering but also in the 
dies. pursuit of other occupations? Are opportunities in engineering, and the re- 
50% ; wards concomitant with them, appropriate to the knowledge, ability, and re 
pro- — sponsibility involved? If not, what can be done to improve them? if they 
king why is the nation losing the services so. ‘many who we ere once engineers? 
after The future of the civil engineering profession i is acutely dependent on the solu- — 
h) it tion to these and other interrelated questions. 
ears. | Criement C. Wittiams,” M. ASCE."*—Gratitude is due the author for hie 
sub- | able analysis of the decetor of the | profession and for his collection of pertinent 


find information concerning its composition. The paper discusses engineering 


> the cation from the of the namely, a commodity 
purchasable on specifications. It is a viewpoint that widely preva 

This | World War I. Many ‘professors of civil engineering, with experience 
and a limited to T-square operations, pointed their : students to the drafting rooms of 
soard the American Bridge Company; professors of electrical and mechanical 
sd in “gineering aimed | their instruction chiefly, toward the the 
1, ap- practices “of those ‘dominated the of ‘the senior year. 
more fF Engineering | then was confined to applied science and the accumulated art. — 
e the fj . With the expansion of research and of graduate preparation of faculty, the 
harge : situation has changed; engineering has germinated its own investigative science. 
is re _ Few educators of today (1946) consider the training of young men for the 
requirements of present practice as the g: gage of their objectives. The future 4 
they § careers are too fortuitous i in detail to warrant planning with specificity. E En- 
gineering education i is more a function, of the capacities of youth 


sublic 7) is derived more from researches than from | penetien. In this n new era of educa- 

vortu- 4 ion, engineering has made conspicuous advances. 


conse- i ~ Although all education has a social purpose, its social adaptation is not a 
ponsi- primary concern of the college but is a matter for later determination. 
7 Fig. author’s ; analogy to steel billets and subsequent products i is correct but some- 
seking remote. A closer, but still faulty, ‘parallel would be that college attends 
srhaps to the growth of a tree so that it becomes strong and without defects, but leaves 
in the i the question of v what timbers ms may - be cut from the log. for later circumstances 
rs lost § | to decide. _ Engineering education consists in cultivating the “growth” of the 
| work faculties to. observe, to think, and to express thoughts, and of the personal 
elessly a attributes" essential to good citizenship and a full life. In mental discipline, 
fields. (it involves an acquaintance with the basic sciences and knowledge as thought — 
t: Are & tools and material, followed by exercises in thinking « concerning supposititious 
y (and engineering situations—all critically compared with the more mature and tested — 
or the : ideas of the teacher and the textbook. ys Exercises i in thinking are as essential ia 
‘to re mental development as physical exercises are to bodily 
ude 0 ag Consultant i in Eng. and Industrial Education, Wis. 
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former are the crux of the learning process. 7 The author seems to mistake these . 
‘supposititious s engineering exercises for an attempt to teach eng engineering g practice. : - 
course, their value is enhanced by the closeness: of their correspondence 
Be 7 actualities; and, if well chosen, they do impart a modicum of practical informa- bs 
tion. "They also serve as a pedagogical device to stimulate interest, so indis- 8} 
to learning. They are of value in developing powers of ratiocination 
rhe A even if they relate to situations which never arise, OF to situations entirely for- | ? 
- - gotten by the student, since these powers, if once ingrained, can be recalled — d 
the subconscious mind although he may think them gone forever. C 
aoe : The author also seems to overestimate the maturity of student experience. o u 
What a student can absorb and assimilate depends on his prev evious e experience. : - 
ea The concepts o of a mature > engineer cannot b be e grafted on t to the tender experience 7 ; di 
be of a youth who has had no observation of « engineering work. | A lecture beyond | 
* Ls the s student’s clear r grasp is futile, f for ‘ “nothing | learned, nothing taught” applies: 
‘regardless of the profundity of the message. 
: ‘ia Professions a are not rigid arrangements of human services but are clusters 


operations grouped more or less statistically according to the 

eae quency of their occurrence. Mechanical skills fit into definite requirements, 

_ but engineering is expansible and adaptable to its social function. _ The sixty 

fa 7 _ members of the writer’ s own class in civil engineering, as revealed by the annual | - 

letter, have served society well; but relatively few of them at present a are 

a ee work closely related to the class instruction of the undergraduate years. 

_- 4 Following the progress of hundreds ¢ of students who have passed under the 1 . 
a a writer’ s supervision brings the conviction that careers are affected by « circum- :3 
stances mainly coincidental, and that it is | wholly conjectural whether any 


te - particular modification of their curricula would have improved their + fortunes. 


eT 
Engineering education aims at a hypothetical service as a bull’ s-eye, but its h: 
results follow a scatter or pattern centered on maximum of + 
is not derogatory to engineering education, therefore, t to find that those 
80 prepared are distributed | over & a multitude of occupational needs i in n organized 
society. Indeed, since each particular activity cannot feasibly be accorded 
6 specialized training, this ‘flexibility « of engineering education is is social virtue. tl 
ox Education for the law presents a similar situation in that it prepares res for a a large 
of ancillary v vocations which contribute to successful society. Ina city 
: of 15, 000, where the 1 writer once lived, there were seventy- -two lawyers—that i is, ri 
persons who had been admitted to the bar—although not more than ten ora 
By ik _ dozen practiced at court. The others were realtors, securities agents | and | ab- ? P 
it oan a stracters; or were e engaged i in local politics, in business, or 0 otherwise : serving the ‘ a 
we : a community. The law touches human affairs at many points, just as applica- [jw 
Ce. ee tions of physical s¢ science do; hence, one may expect preparation for law, or for oh 
engineering, to be: widely ‘useful in organized society outside the strict confines 


ae of the respective professions. In medicine, by contrast, the preparation is more _ 


4 
‘specific and is seldom applicable beyond health and hygiene; nevertheless, quite 
few doctors become managers « of business and civic leaders, as many men 


+ 
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be drawn that specific for unusual — to 
be included in the professional curriculum, 
author proposes that curricula provide a a broader scope of basic 
tion covering the entire field of engineering and leave advanced theory for 
ee graduate study. _ There were many protagonists of this idea a 1 a quarter ‘of a 
eae ago. _A number of institutions, especially smaller colleges, adopted the 
plan of having three years for all departments i in a common curriculum with 
departmental differentiation in the senior y: year. r. The University of Iowa, Iowa. 
City, adopted this ‘scheme. The writer became dean of engineering at’ 
university in 1926 and witnessed the change back to the usual distribution of 
subject matter. Some of the reasons for the reversal were (1) the none ae 


did not make a favorable showing when they epee capennin courses; Zz 


= 
- 


(2) the classes could not use standard textbooks; a 

were dissatisfied with the unstimulating elementary instruction emia, 

Some of the small colleges still continue oe plan. Their alumni cannot enter 
curricula are not accredited by the Council for ‘bret 
Development (ECPD). Many engineering colleges have a “‘general engineer- 
ing ” curriculum which includes about — parts of all branches, but it has not’ 


A longer period than four years in the enginesting college may profitably be 
_ spent by many students, either (1) in pursuing the humanities or the social es 

studies, (2) in the pure sciences and mathematics, or (8) i in the technical sub- 7 
jects of engineering curricula other than the student’ $ major. 5 Many y students | 
‘80 continued their education during the depression years when jobs were not 


and, generally, they found the additional study profitable. How- 


limitations, ¥ which, for the present scale of compensation, s seems 
_ to be four years. The students of superior ability | find postgraduate study, © 

even through the doctorate, advantageous. For students of the lower half of 

_ the class, graduate study, so far as the writer has observed, seldom advances sits 
As a matter of fact, the preparation . of engineering students is more general - > 
than most industrial personnel directors and practicing engineers are aware. : 
_ Students have some instruction in all departments, , and their training in non-- 
major b branches i is preponderantly the same as if they pursued a comm 
—riculum. — ‘The ‘specialization i is attained by shrinking slightly the time to each 
_ Ronmajor branch and devoting the total increment thus gained to the major. 

_ Persennel directors overestimate the significance of this specialization. Seeking 

8 mechanical engineer for quite general work in a factory, for example, they 

“will not consider a civil, mining, or electrical engineering graduate even though 7 

_ he be in the upper percentiles of the class. a The evils of departmental special- 

“ization lie more i in the departmentalized r recruiting practices of industry than 

___ All educational programs should aim at the development of the whole man, = - 

_ whether the intellectual part of the curriculum pertains to engineering, law, 
social studies, or the humanities. _In this respect, all education should 
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“be liberal— —that is, directed ee whole free man. It should not ” limited 
— to the intellectual realm, but should include the emotional, the volitional, the 
- social, the spiritual, and the physical. The latter qualities are are little s affected 
by the particular subject matter in the courses studied and should be given 
4 separate consideration. _ Narrow specialization relative to today’ s civilization 
wi is frequently found in the humanities as well as in the sciences. Any feasible 
inclusion of the e humanities i in the engineering curriculum will fall far ‘short 
the - postcollege reading and reflection requisite of the cultured man. if that 
ss small inclusion initiates a taste and an an inclination, , it will be justified. = | 
a lt all of these « capacities : are educable, ‘most college study is directed 
solely to th the intellectual | growth, 1 with some attention paid to » the physical. 
Effective pedagogic processes have not been devised for the other categories sof 
attributes of the whole man. The older British universities do a somewhat 
better job than do the American; and as a member of the Board of Visitors at 
the U. S. Naval Academy, the writer has been impressed with the accomplish- 
ments of that institution in the development of these personal qualities. — To x 
considerable degree, the nurture of these qualities is subconscious, the product | 
of environmental influences and institutional traditions. ; The neglect of these 
disciplines co: constitutes the chief defect, not , only of e1 engineering ; education, but a 

- As the author so well points out, postcollege engineering education should 


have attention. It occurs subsequent to the - impressionability of youth and 


when the ‘outilens of careers are becoming more discernible. It differs funda- 
‘nately from graduate study, | which is aimed primarily at research method- 
7 ology and investigation. Inasmuch as it ; pertains to the profession, perhaps 
the ECPD might undertake to formulate a suitable program. 
‘The recent reorganization and amplification of the American ities for 
Engineering Education (formerly “Society for the Promotion of Engineering 
Education”) i is significant of an enlarging grasp of f engineering education. ‘The 


appearance of a challenging paper by a practicing engineer, in the Proceedings 
sno of the oldest of the Founder Societies, is a portent in the same direction. 

Coupled with the expanding universe of engineering as a result of recent scien- 


tif advances, fresh attention to 9 education may be ey significant to the 


_ W. Dovcuerry, M. ASCE. 18o—F'rom the practicing engineer point 


ety view the p paper is & good presentation, but it overlooks m many of the , changes i | 
a in engineering education that have taken place during the recent past. In a . 


o.. [eng ineering ng education] has n net, ‘however, made comparable progress 
p prog 
in keeping abreast of changed conditions that have developed during that § 
sa in the pattern and structure of the engineering profession, in the 


rin r in the market for n —. 


Some « of the subjects omitted probably belong to to the postgraduate years 
rather than to college co courses. _ Education is an experience rather than : an 


18 Dean of Eng., The Univ. of Knoxville, Tenn. 
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« of information; it should inspirational a and continaing 


‘sein ¥ On the other hand, if they do their in- -college instruction in a > 
; inspirational | way there will be less need of continuing instruction. Whyshould © 
educated men continue to be spoon- -fed after they enter the world of work and — 
application? _ There are many things the colleges can do to help; but all they 
can do cannot make educated men if the students do not want to pay the price © 


mn Again, quoting the last sentences of the “Introduction”: “Every engineering Bs 
‘student must work hard to graduate. — _ This probably was the most valuable 
single thing that he learned i in his course.” ’ Learning to work is valuable but 
learning to work effectively i is more wile, If the student has not learned 
this lesson he probably } has not learned ‘much—learned to work with books, 
the e printed page, and rows of books; learned to glean : a magazine page sand sift 
the wheat from the chaff; learned tot trace cause to effect; ; learned to biaienate law 


but not worship it; and learned to continue in his search for truth. 


9 _Prewar Engineering Education —There i is so much difference in the colleges 


_ “that it is practically impossible to appraise what has, and what has not, been 


done. a ‘When the Engineers’ Council for Professional Development (E.C.P.D.) 
has accredited fifteen different curricula and a host of options, breaking down 
“the fifteen into more restricted fields, one can truthfully say that there has been 2.4 


| too much The av author sums up this by the >. 


one branch, and in many in one specialty i in the field 
ae engineering, thus equipping the graduate to enter such field or specialty 


e on graduation and encouraging him to do so, irrespective of what the market 


might be in five or ten yea 

cs Whenever a student enters any program of study having a definite objective 

in mind he will try to find employment i in that field on graduation | although 

employment is scarce in the field. a Iti is fallacious to believe, however, that the 


college training i in engineering in any _ restricts the trainee to employment 7 


practicing electrical: or engineers are practicing m me- 
chanical engineering or civil engineering, to make the statement that training © ; 
in a field ties the student to that field. The author draws the ec: conclusion from 
his premises that either there must be a broad general course, or there must — 5 
be applications to practice in a single branch or specialty. — There are equal — 
Possibilities in a broad general course in civil engineering, for example, or: 
specialization in the various fields of civil engineering. 

_ Educators have a notion that they should give enough technology to treme 
mit the attitude, | method, and approach to the solution of ‘auclieaee: which | 
depend on broad fundamental laws of physics, chemistry, mechanics, and — 


_ The prac can best | be acquired by solving actual 
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DOUGHERTY ON EDUCATION © Discussions 
- tio iameeiaiie data to ) illustrate a a principle, but such problems do give an intro- 
_ duction to the > engineering approach, — To many educators s the field o of f special- 
A ization is not so impor tant as the method and the problems. ak lite 
__ There i is educational value, of course, in n sequence courses. . The sviliaite 

of engineering schools is not noceneatily on ‘specialization but rather on the 
application of | engineering theory to some engineering problem. | If the prob- 
lems come in an area of later employment there _ be advantages; and should ; 


not happen no harm has been done. the auth 


7 “He grappled with problems of a character that he would never meet, or at 
least would not have to solve, on his own responsibility for "from at least 


to tw venty- -five ‘years after graduation.” 


~ 


e teaching i is to achieve e method, attitude, 


the and discouragement of students during the first 
five to eight years out of college. ‘There i is no question that much of the diffi-. 
q an tm culty stems from the failure to use their advanced knowledge in immediate | 
‘practice. — Judgment should come with experience bu but not all experiences de-— 
velop judgment. - part of the remedy i is to produce understanding employers - 


= ‘The writer has attended - many meetings with practicing engineers where 
attempts were made to discover “what is wrong with the colleges” and always” 


the 

ay has heard the statement: “ As ‘a graduate he seldom had the ability to express _ ?_ 

himself adequately or a knowledge of how to acquire this ability.” gin 

This seems to be a universal trait. Engineers are about the worst. on waite ae 

pel 

— list, but it has been discovered in preachers, lawyers, doctors, dentists, and | : ree 

i, English professors. Good expression seems so easy that all are deceived by it. 

The practitioner, who | cannot express himself, tends to blame some professor 

for his lack of proficiency. English i is ‘a gift of the gods” and the the result i iat 

. a of real effort to acquire > ability. ~ Much. of its lack is the result of having n nothing §f a 

to say or of having very hazy i ideas. Good expression and clear 

The analogy of the steel mill is a little overdrawn but it does emphasizes 

4 well-known educational principle: Men are not materials, and educational ex- iy 

ia perience will not make them mainsprings or auto bodies, but it may make it rm 

«are 
fa possible for them to be either. All men act as individuals; ‘some of them are 

tic 

intelligent enough and self-reliant enough to succeed, ‘whereas others are per- 
wel 

‘*Aims and Scope of Engineering Curricula,” Proceedings, 8.P.E.E., Vol. XLVII, 1940, p. 555. 

**Report of the Committee on Engineering Education After the S.P.E.E., Vo 

al 
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willing t to follow the 
al- to make all of them become leaders 
‘The Engineering Profession. author’ study of the engineering pro- 
sis | fession i is thought provoking; it points a wa way toa better understanding of the 
the io task of the eolleges. More studies of this kind will be very helpful. _ What 


ob- changes of definition have occurred during the forty years of census reporting? 
ald _ From where have the additions come? Theauthor’s description of theengineer __ 
week is probably more nearly true to type than Saint Luke’s definition of the 7 
rse, ' _ Athenians: “That they spend their time in nothing except to hear and tell _ 


the some new thing.’”’ Quoting the paper (see heading, Engineering Pro- 
fession: General Traits and Characteristics of Engineers”): 


“On the credit side it may be stated that engineers in general are resource- 

ful, hardworkirg, ingenious, and persistent, and have a great devotion to 

their work. On the debit side they are extremely narrow in their interests 

a and outlook, and highly individualistic.” 

7, When engineering is considered ‘ “as a heterogeneous rather than a homo- © ; 

£ _ geneous profession” engineers are likely to fall into error when they attempt 


| 
» | on much generalization regarding the characteristics of their profession; yet. 
1 


— the writer believes that Mr. Baker has done well in the foregoing two sentences. j 
By training, and no doubt by birth, the engineer is individualistic. . Hei is not. 
the “back patter” and the ‘ ‘glad hander” of some other professions. Part of 

5 5 that i is due to his training onal part to his very nature; his disposition caused 
him to study and begin the practice of e engineering. * ~ Considerable change will 
be required to make over the introvert who goes into. engineering into” the 
extrovert salesman who ) disposes of the products of the assembly li line. © As a 

‘matter of fact both types are needed in industry ‘and both types can profit by 

training i in science and | technology 

Al Table 3 is 1 very very interesting. _ A census reported in 1966 will probably raise 

percentage of practitioners who enter engineering through the four-year 

college course. _ Engineering is now where law and medicine were at the be- 


of the ‘present century. . Probably it should not aspire to the high 


percentage of college practitioners now required of law and medicine. The 


i is far more varied and gives much more opportunity for great ' variations 


o ‘Fig. 1, giving a cross section of the ‘engineering profession, is more than 7 
"interesting. If it i is at allt to scale, it points to an evolution which i is far : more A 
revolutionary than the preceding data suggest. The o ordinate probably 
—_ Telation t¢ to > age or time e spent iI in the profession. — ~The author would do 
- profession a genuine service if he tried to make a similar diagram to scale, 
Postwar Engineering Education —The changes under this heading 
4 are those u usually made by engineering educators as well as by those who prac- i 
- tice engineering. Future changes | will not be as drastic as those suggested © 
_ because the curricula are rarely as specialized as the author assumes. =, 


emphasis will be placed on the professional aspects of engineering—the broad — 


- bases of "engineering practice—and less emphasis will be placed on specialized pe 
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skills. F For example, the f following quotation expresses many of y of the ideas « of th f the 
‘ author a as he describes his postwar engineering education: _ . 
- “For r the scientific-technological stem, acquirement by the student of 
. mastery of the basic principles, assumptions, empiricisms, and codes of 
practice w hich constitute the subject matter of engineering study, accom- 
= by acquisition of the ability to apply them to problems of practice 
which constitute the engineering method. 
a “For the humanistic-social stem, development of the ability to read, 
write. and speak the English language effectively; to understand, analyze, 
= express the éssentials of an economic, social, or humanistic situation 
or problem; and to appreciate its implications and relationship to the life | 
2 work of an engineer. There is also a goal.of development of an ade- : 
quate concept of the duties of citizenship in a democratic society; and — 
- acquaintanceship with the enduring ideas and aspirations which men have 
_ evolved as guides to ethical and moral values; and an appreciation of cul- 
tural interests lying outside the field of engineering.” 
‘The engineering profession | owes a debt of gratitude to the author for this 


thought-provoking paper. their ‘part, the ‘colleges have already stated 
ts _ what they think should be done in engineering education after the war.” aa, 


— Members of the i should see to it that civil engineering educators do 


problems. perform three important 
Train engineers in the scientific approach to the solution of problems; give 
them a foundation in subjects that are fundamental in business and industry | 
and provide a broader scope of instruction in subjects that cover the entire field’ 

of engineering, insuring a thor ough foundation i in the basic fundamentals under- 
7 These ends cannot be achieved by crowding additional subjects and disci. 
plines i into the present four-year course. _ The training recommended by Mr. 7 

Baker can be given only by eliminating from the curricula certain courses s that 
develop elementary skills and proficiency i in the use of scientific tools and instru- % 

ments, and by deferring to postgraduate study those courses in advanced theory 
practice, highly specialized, which now monopolize the time of students 
in their junior and senior years. The writer concurs in the recommendation 
- that the schools develop strong, postgraduate extension courses that will enable | 
engineers to specialize after they have discovered their own aptitudes: and 
opportunities—after they have learned from | experience» the conditions that 
na govern practice and the market for engineering services. bel i 
To the writer, as to Mr. Baker, , this ser seems the a auspicious time to consider _ 
drastic revision of engineering ¢ education, while curricula, are | still plastic due 
to the necessity of f adapting engineering training to the e exigencies of the war 
and its aftermath. Mr. Baker is not at all didactic in his specific reeommenda- 


tions for curriculum revision. He is definite : and in = that 


Cons. Mining and Metallurgical Engr., Chicago, Il. 
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ghee ‘and the s societies es conduct an extensive and —_ investigation into” 4 
the composition and structure of the engineering profession, the conditions that 

govern and prevail in actual practice, and the market for engineering services— 
investigation that will provide authoritative guidance for those who may be 
charged with the task of revising curricula. 
‘The very crux of the entire problem is graphically represented in Fig. 1, 

depicting the composition and d structure of the profession. No one can ap- 
praise current curricula intelligently, much less undertake to revise them, until 
there i isa clear of these OA of the 


preliminary to curriculum revision. 


It may be, , how ever, that certain evolutionary processes, already apparent, will 
take the situation out of the hands of the profession and its educators. L . Cartan ne 
developments are i in evidence that already i indicate | a a movement toward the 


< evaluate Mr. Baker’s specific recomm mendations for curriculum — 


7 “This ion: includes t three types of training. _ There is, first, the “Gew ere 
schule,” which corresponds: roughly to the “technical high in the 
United States. It equips students to use engineering tools and precision instru- 
- ments, and develops rudimentary skills which are adjuncts to, rather thana 
of, engineering. It is quite probable that these schools will be supple- 
mented by union “trade schools” which, under the sponsorship of white collar 
unions, will serve the same purpose. They will offer | only “ pre- -engineering” 
‘Then there is the “Technische Mittelschule,” ” which, in its ‘curriculum 
‘discipline, is equipped to prepare § students to assume duties more closely related — 
| to, or actually a part of, professional engineering. _ This is done under the close 
- Supervision of those who are prepared to direct or perform creative work, re- a 
quiring exercise of independent judgment. — These intermediate schools will — 
2K third type of school produces the fully professional engineer 
the “Technische Hochschule,” 
“grees in engineering. Its graduates are 1 masters of the | 
- branches of engineering when | they receive their diplomas; t 
they achieve a doctor’ 8 degree. 
The present sy stem of engineering in is to serve 
“the needs of all these groups. Students who will spend their lives in the “sub- 
professional” bracket, performing only mechanical operations that are adjuncts 
a to, rather than a part of, engineering, and those who will become indispensable 
routineers, pursue t the same studies, submit to the same discipline that develops _ 
Vi “engineers capable of creative work, involving ex exercise of independent judgment. a 
If all these groups are considered members of the engineering 
must continue to serve them all. 


This is the problem posed by Fig. l—a problem suggested, he however, Tather 
te ‘than stated. Mr. Baker ~s not the temerity to do what the en engineering Pro- 
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ili are four important ‘segments | in Fig. L. . It is fruitless to investigat 
the indicated composition and structure of the "engineering profession, unless 
‘such an investigation leads to a clear | decision, a resolution of the enigma, 

- “Whati is the engineering profession?” and a question that has long been evaded: 
Ww hat is its scope?” | Eventually « engineers must decide ‘Who are members 

A of that profession?” What i is learned from this investigation n should enable the 
engineer to define and delimit the profession ; to draw clear lines of demarcation 
between real professional e engineering -and the fringe of a of arts, sees and trades 


om The profession must do this because it must decide how — of the seg- 
ments” represented in Fig. 1 require genuine engineering education. In ac- 
- eordance with that « decision, the responsibility of the schools will be limited and | 


me 


curriculum revision must be controlled. Schools of engineering ‘must know 
who shall be educated : and for what capacities and functions students are to be — 
3 ed” before they can plan la intelligently 
efore t ey can plan curricula inte igent y: 
Mr. Baker has stated plainly that the schools and the professional oe 


should investigate the composition | and structure of the profession. He is not 
to be censured for withholding his own op opinion as to the scope e of professional 7 
intimates that those who have “eft: engineering’ are no 
longer members of the profession, by the device of a broken line, marking the 
outer boundary of that segment in Fig. 1. If he had felt strongly that those 
engaged ‘subprofessiona work were not members of t the profession, he 
might easily have suggested it by a a similar device—a heavy line of separation — 
& or some other graphic representation of detachment. © Mr. Baker did not allow 


I 

I 


himself to be diverted from his major thesis by a discussion of this highly rcon- 

troversial issue. He did unreservedly recommend clarification of the point, 

urging educators and societies to investigate and structure of 

There are status” and of the “scope of 

‘k = x the profession” s and each has a substantial number of stout adherents. First, f§ 

there ‘are those who believe that a degree in engineering ‘is 
wae evidence of professional status, of membership i in the profession. _ Second, there 


are those who believe. that, ‘regardless of academic ‘qualifications, performance 
of engineering duties is prima facie evidence of membership in the profession. | 


Third, ‘there i is the contention of registered engineers that th the e engineering pro- 
fession consists exclusively of those who, by. registration, have a statutory right 
to use the title, “professional engineer.” _ Another faction, more realistic, dis- 


counts th the statutory restriction of the title as a legal technicality; and, in 
support c of this attitude, cites the vast ‘numbers of eminent | engineers who, 


2) although qualified, have never chosen. to register | because the oddly constructed 


pe as license laws in the United States make it unnecessary to do so. Many argue 
by membership grades the engineering societies describe the extent of 


real professional engineering and designate ‘professional status.” Most pre preva 
nS , lent of all, perhaps, i is the notion that professionalism is not an diaia. sharply 


definable state; it is held that there are and that of 


r h of eminence. : 
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_ = in effect the curriculum « change ecommended by Mr. Baker. The schools 
have attempted to reconcile all these ideas, and to serve the needs of a _ 
The theory is advanced that those who eventually enter the segment | in 
s Fig. 1 inscribed as ‘ “Number engaged i in technical engineering work primarily,” 
_ and that dedignated “Number engaged 3 in administrative and executive work 4 
’ must earn their spurs in “subprofessional work.” If the profession 
were to embrace this theory, the schools, regarding the vubgrebuninnal group 
os members of the profession, must continue to offer courses that prepare po- 
tentially professional engineers for. work involving tracing, drafting, and the 
use of precision instruments. Graduates in in the -subprofessional segment will 
work: side by § side with men whose training for such duties has becn e entirely : 
or has been obtained in technical high schoc!. and trade schools. 
OC this group is not to be e regarded « as a part of the | profession the time now 
allotted to such courses can be devoted to engineering fundamentals. 
_ Other professions, shar ply differentiating professional from nonprofessional _ 
practice, train technicians apart from future professionals. Bacteriologists, 
nurses, laboratory technicians, and other affiliates of medicine prepare for their _ 
jobs by taking courses much lone 1 rigorous than those required for the practice 7 
of medicine. It is impossible for bacteriologists, | however brilliant their — > 
tribution to medical science, to qualify as physicians \ without taking the courses" 
required for a doctor’s degree in medicine. © The line of demarcation between 
“professionals” and ‘ ‘nonprofessionals” is sharply drawn in 1 licensure; the train- 
‘ing of professionals and technicians i is as plainly differentiated. 7 
_ If and when the engineering profession sharply defines its scope, sets up 
standards of membership as clear and inflexible as those statutorily established — ie 
4 by the profession of medicine, engineering education can follow medicine’s 
example also in n eliminating courses that merely develop skills used in prepro- 
. fessional capacities. - W hen this happens, the pre-engineering group, ‘indicated | 7 
in Fig. 1 as ‘ “subprofessional,” ’ will be quite definitely excluded from the pro- ; 
fession, and | it will no longer be the responsibility of the engineering schools. — 


Other types of schools will prepare “subprofessionals” for pre- engineering func- aaa 


tions. Whether this group will be excluded, or will secede, is a matter about — 
which the writer will ll not make any predictions, 
a this change cc comes, it m may ay not be on the initiative of the profession. Pro- 
- fessional status i is now being defined by governmental agencies—not one, onl 
many agencies. The Civil Service ‘Commission, in its classification of non- 
- professional, subprofessional, preprofessional, and professional employees is 
assuming, but not a prerogative which engineering has never 
ised, drawing distinctions as it sees fit between professional and nonprofessional 


engineers . The United States Employment Service is preparing a series of 
for the of its placement counselors, describin ng the character- 
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of ihe fair Labor Standards Act (f.L.5.A.) Administrator, aiter rutile efforts to 
= distinguish “professional status” by academic definition, finally resorted to the 
a ; Tule of thumb that, for the purposes of F.L.S.A., any engineer earning less than — 


$200 00 a month is 


to called a Tine of but a pattern is ly emerging. 


The Board’s line of re reasoning ¢: can be traced in the following: interesting decisions: 
- Aluminum Company of America (61 N.L.R.B. 180); Bethlehem Steel Company, a 
Shipbiling Division (Case No. 20- R-1256) ; Gielow, Incorporated (Case No. 
2-R-5290); LaClede Steel Company (Case No. 14-R-1148); Neches s Butane 
= gee Company (Case No. 16-R-1159); Packard Motor Car Company (Case 7 
7-R-1809); Stone and ebster Engineering: Corporation (Case No. 
2139): and Curtiss-W right Corporation (Case No. 9-R 9-R-1738). 
hem Steel Company ca case is particularly interesting. 9 
a _ Another and even more potent force is the appeal of the labor unions who 7 
argue that ‘ “professionalism” ‘isa fetish, and who assert that unions can do more a 
SS the he social and and economic status of subprofessional (and professional) 4 


- engineers than can any professional or technical society. They scoff at the 
tradition nm that engineers are individualists and cannot advance if any restraints 


are > imposed o1 on professional freedom. They insist that strong, collective action 


_ insures better pay, improved working conditions, and satisfactory recognition; 


and point to the ‘Telatively wages of ekilled and labor, it in 


when they : are yen to exercise individual initiative, ‘capitalize on on native ability 
and aptitudes, and bargain directly with the employer. 
In any investigation of the composition and structure of the engineering 
profession these conflicting theories should be tested. If engineering is thought 
= 4 of as a pyramidal structure (and Fig. 1 indicates that it is) there is less room 
at the top than there is in trades, which are more like cubes made up of a 
myriad of identical units. . The engineering pyramid is irregularly 


2 


oa ‘training, initiative, industry, and those temperamental qualities which so po- 
- 4 tently affect careers. There i is also 1 no inflexible relation between these good 
qualities and advancement f from grade to grade. Opportunities—external 
_factors—influence the progress of individuals from subprofessional to exalted 
technical rank. .. A large number of engineering graduates, regardless of ‘their : 
qualities, are destined to remain routineers rs simply b because there i is not enough ‘| 


room at the top for all of them. 
Some engineers are beginning to 2 cynical about ‘ ‘professional s status.” a 
Despite their degrees, graduates spend ye years. in a kind of no-man’s-land—not . 
_ members of any trade, yet de denied professional status by their own license laws. | = 

_ Appealing to. engineers, disowned by the profession, the unions have convinced e. 
; 8 great many of them that “professional status” is a atte and “professional 
There are more ore practical which the unions tna it to 
oa “miss. ss. Engineers have become identified with too many different unions. ( 
i me They change jobs frequently, and a new position m may entail a complete change j ie 
in union affiliation. It is not to convince engineers that it is. 
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Case by case, the National Labor 
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rofessional”’ from ‘‘nonprofessional”’ = 
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wuthebiie to build a strong union—to pay substantial dues, to demand clauses | 
x in union contracts w hich strengthen the union itself and fight for these more 
~ resolutely than for clauses which insure direct and immediate benefits to the 
members. _ Although the craft and industrial vu unions are still absorbing 
professional engineers even -preprofessional and professional engineers), 
the major unions have recognized the disadvantage of this s fragmentation, and» 
- they are building ‘white collar unions” in which, apparently, they hope to Z 
Those who hope to retain these subprofessionals _ routineers as members 
of the profession, must study the structure of the profession. - If the a cn 
of reaching the top are limited, some way must be discovered to offset this — 
disadvantage ‘and to insure pay for the -subprofessionals commensurate with 
_ their tr: training and services. T heir salary schedules must bear such relation t¢ to 
wages s of skilled and unskilled labor that they will not find it necessary to 
dentify themselves with these groups in order to protect t their interests. “5 | 
On the other hand, if the profession were to renounce its claim to sub-_ 
professionals, eliminating from the engineering curriculum those courses which 


‘cullty students to perform subprofessional duties, it must be with full under- 
standing of the effect of that > tonencerenanarnil 


_ First, the unions can be expected to set up “trade schools” and systems of 
apprenticeship such as they n now maintain for operating e engineers, for plumbers 

and decorators, and other trades. There’ will be a corresponding decrease in 


= number of stadente who e enter engineering schools. - Engineers cannot ex- 


pect to continue half trade and half semiprofessional. . if a large proportion of 
_ subprofessionals obtain their training in technical high schools and union trade 
schools, then by collective action establish high rates of pay, and through | 
seniority clauses insure continuity of employment and automatic promotions, 
four-year courses leading to similar jobs will be less and less : attractive. — 

_ Second, if the unions, rather than the professions, decide what constitutes 


“professional status’ —if ‘they draw the > engineer's s boundary y lines for him—it 


professionals v who pei perform operations st subsidiary to, but not a part 

‘Ss engineering, there are the “preprofessionals.” _ These men, under close 
supervision, implement the plans of professional engineers. They need greater 

_ knowledge of engineering fundamentals; they participate intelligently in -erea- 

tive work; but they do not exercise e independent judgment and, as engineering 4 
becomes 1 more re and more : standardized, their jobs are correspondingly more and ae me 

the If the unions gain 1 control of ‘ “«preprofessional” as as well as 
professional engineers, the usual ‘Toutes by which graduates | ‘Progress | to ‘ 

charge” will be closed to those who are reluctant to j join n unions. 

haps 8 some ins institution, like the intermediate schools in Germany, will develop | Fs. 

_ to equip “preprofessionals” with the knowledge of engineering fundamentals — 

cs quired in these routine jobs, like the short courses offered in the United States 
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Relatively few s of higher learning would be needed to “process” the 
oo number of engineers of this category that industry can absorb. Tt would be 
7 necessary for industry to ac accept the product of these schools as trainees, or. 


understudies, instead of developing them — in and 


The effect of this shrinkage upon engineering and upon 
employee relations must be given careful consideration. If, by professional — 
definition or by their own secession, a preponderance of subprofessional and — 
4 preprofessional engineers are definitely separated from the profession, , the struc- ; 
ture of the societies will be changed : as much as the structure of the profession. 
i Engineers will not t support | both unions and societies. / So ) long as they have a 
tenuous claim on ‘professional status—indicated by such ev evasive designations 
aw “‘preprofessional” engineers, or ‘ ‘engineers-in- training” o “engineering aides” 
remain loyal. through any a act of the on their 
4 own volition, they become definitely recognized as enti 
they ¢ can hardly be expected to remain in the societies. 
Certainly the relation between engineer-employers engineer-employees 
will be changed ifa great majority of employee engineers in subprofessional and — 
% preprofessional ranks | organize in the pattern of, and identify themselves with, 4 


» skilled and unskilled labor. — These organizations will be in a position to control — 


a the “processing” of men | who will join their ranks just as as they now « control 


the w Ww riter it seems Mr. Baker’s for a by 

__ engineering educators and technical societies, of the composition and structure © 
- of the engineering profession should be heeded. _ It should be acted upon before 
other agencies have decided, for the onbeaien, that crucial question—“Who 
ts shall be members of the engineering profession?” This is the essence of pro- 
fessional freedom. It is a right, cherished by all other professions, which is 

- given to a professional man in exchange for the service he renders to society, in 
order that he m may not be impeded in such service. ¥ a it is not too late, the 

writer ncaa strongly advise the profession to follow Mr. Baker’s “s urgent recom- 

mendation. . The present composition and structure of the engineering pro- 

- fession should | be investigated thoroughly, and standards of qualification for 

membership should be ‘redefined —new boundary lines r regulating entrance 

’ engineers so defined 

in schools f for u “utmost usefulness t to industry. and so society. 

_E. McIver, 2 _Mr. Baker has urged that engineering educators 
and the technical societies examine carefully: (1) The composition and structure 
: of the engineering profession, (2) the conditions encountered by engineering 
graduates in actual practice of engineering, ¢ , and (3) the factors that govern the 
Pe marketability o of their services. a He has recommended that the societies utilize 


= the vast amount of authentic source material 1 accumulated i in their own files 


20 Received August 6, 1946. ie 
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7 data the lines : suggested by Mr. Baker. — ‘The EJC, however r, seems to be rely- a 
ing on the questionnaire method of obtaining data, instead of using the treasure- 
_ trove of facts stored in the files of the societies represented on the EJC ei) 
— Association of Engineers (AAE) has tested the technique of i in- 7 
vestigation recommended by Mr. Baker and found it far more satisfactory than 
; the questionnaire method of collecting data pertinent to the social and economic - 
The disadvantages « of the questionnaire method are: 


a Abuse of the e device by « commercial agencies has reduced its ‘effectiveness. 
The promotional purpose of such : agencies is thinly | dis; 


7 scientific veneer of their i inquiries; 


as 2. Employed engineers, unless they have been markedly successful, are 


reluctant to chronicle their careers for their societies and alma maters; 7 7 
3. In: answering questionnaires, employers and employees are inclined to a 
“report facts in a manne r that reflects credit on themselves and their organiza-— 


. _ 4, Sheer negligence and procrastination account, in part, for the necessity | ‘ 
of repeated follow-ups to secure an adequate volume of replies. 


For all these reasons, AAE has found the | questionnaire method a . slow, 
: costly, | energy- consuming process of collecting information. . Its committees 
are inclined, moreover, to discount the a accuracy of voluntary replies to inquiries 
individuals may consider unwarrantably personal or intrusive. WwW henever 


this device i is necessary the =! are Pogue in such a aw ay that the 


™ 


Data- —The AAE service is its “most de- 
eee source of information | concerning the social and economic status of 
engineers, the conditions that prevail in actual practice,-and the market for 
engineering services. It is also the most vital contact with employers of en- : 
gineers. Case histories of applicants, placement records, job orders, etc., 
a assembled by the employm ment service as routine; and AAE committees thus 
have more accurate information than could be obtained bya a questionnaire. All 
- their energies can be expended on organization and interpretation of data, be 
eau use this system eliminates the arduous preliminary effort of collecting infor- 
tion by questionnaire. Fundamental steps in the procedure recommended 
by ; Mr. Baker are demonstrated in an AAE study published i in June, 1946. andl Eo. 
_— Corroboration of Evidence in M r. Baker’ 8. Paper. —Nowhere i in Mr. Baker's 5 
is there any suggestion of authoritarianism. ‘The evidence he has 

duced i in support. of his convictions for the revision of engineering curricula is i a 
"offered, ‘not as conclusive proof of these recommendations, but to demonstrate 


the need of a ‘more thorough investigation of the conditions indicated by these ts : 


data; and to suggest desirable lines of investigation. Various studies made by Bu A 
_ AAE committees ‘support Mr. Baker’s basic recommendations and corroborate 
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Baker, the ite is prepare 

secon the absolute truth of these propositions. Nevertheless, the find- 
t ings | from investigs utions, although limited in scope, are interestingly parallel to, — | 
r supplement, the facts and findings recorded by the author. 
Ov Overspecialization. —From engineers and from their employers, the writer 


has gained the impression | that engineering education is overspecialized. 
ployees e exhibit a certain timidity that is attributable t to overspecialization. It 


‘engenders a a “reluctance to accept engineering assignments outside a very : 

_ stricted technical area in which they have specialized. 7 ‘Paro 


_ Electrical engineers, for example, thoroughly grounded in the theory a 
horsepower motors, consider themselves competent to handle only J 
- the specialized phase of design of household appliances. _ They refuse to accept 
responsibility in the production | of these devices because they lack knowledge | 

¢ of mechanical al engineering principles, or the metallurgy involved i ina production 7 


— Bes In their job orders, manufacturers of electrical appliances manifest the same 


7 _ skepticism; they y demand “mechanical engineers with experience in electrical 
lines,” instead of electrical engineers for production jobs. Employers have 

greater confidence in specialized experience than in specialized education. 

These are impressions—some exploratory work has been done by AAE to 


test. the theory, but, as yet, nothing is conclusive. A study of the effect onl 


7 


specialization on the careers of ex-service men reveals that they fall into four - 

definable units; 

oie First, there are the men whose technological education was derived exclu- 

sively from special courses given by some branch of the armed forces, and who 

=¢ expect to continue this line of v work in n civilian employment. — _ Second, there ¢ are 


— 


ae! 


Pia forces. ” The third unit is made up of men en who, although they had completed 
. four-year courses and received degrees in some branch of engineering, were in- 

- ducted before they had ‘sufficient experience to qualify for a position in re- 
sponsible charge of work. Finally, there is group that, having attained full 
professional stature, entered the armed forces as technical specialists. eee 
me Taking care to secure evidence from all four types of ex-service men, “AAE- 
asks the subjects to answer a questionnaire, which supplements their experience 
c.4 _ records, and which i 1 is ¢ obviously designed to to aid the Placement cou: counselors in 
their ‘special problems. ‘Unobtrusively, a series of questions is woven into this. 
questionnaire which, considered i in relation to each other and to the applicant's 


complete vocational history, will provide a body of interesting facts concerning 
the effect of academic specialization on engineering careers. 


q 


= 


ae The questionnaire asks, not only about the degree of specialization, but - 
about the circumstances that prompted the candidate to concentrate upon 

special phase of engineering in college. The relation of his subsequent experi- 
ence to this specialization is investigated, measuring the well- known effect o oe 


ee _%**The Engineer as His Employer Sees Him,” ibid., February, 1928, p. 5. as aes 
* ‘*Nation-Wide Survey of Engineering Civic Status,’’ ibid., December, 1939, p. 2. prix 
‘‘Survey of the Market for Services,” ibid., November, 1940, p. 3. 
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the economic depression on candidates for employment v Ww hei during the 1930’ ys 
= a any available job, regardless of specialization. The aim is also to measure oa 
the effect of rapid technological change during the 1940’s upon the employ- — > 
_ ability of highly specialized graduates who have not been engaged inengineering _ 
during the war. Finally, the objective is to ascertain the effect of wartime _ 
experience on the career plans of men who, if the war had not interrupted “al 7 
Plans, would have followed a very narrow path of specialization. 
- This line of investigation is one that the EJC might profitably purst pursue, ex- 7 
(representing all four groups) are 
the best fer a of f specialization. Questions that concern 
the s subject personally ‘are emphasized in in the AAE questionnaire: Rapid changes 
in 1 technology during his period of ‘Military s service that may, in some degree, 
7 have outmoded his academic training or experience; “GI” rights to reemploy-_ 
: i ment and educational subsidies; salary modifications that take into account his 
maturity and wartime experience. This illustrates the technique for over- 


} coming the inertia, reluctance, or actual hostility that makes the questionnaire _ 
ave method generally unsatisfactory. 

ity Bey Some of the early replies to the AAE questionnaire support incidental find — 
Eto ings of other committees. Several of the e subjects have shown that they were 
cae strongly influenced by parents 0 or faculty advisers i in choosing specialties, 7 
four a that they pare a about to “ ‘w rite off” th: that theoretical asset asa loss. They — 
ae various reasons for. changing ca career r plans. - Some of them find a particular line _* 
cclu- 4 of f specialization not as lucrative as they had hoped; some report the field over- ae 
who -_ crowded ; others complain that the specialty entails confining ac a a few have 
are 
‘med “tant” in ‘comparison with other projects with which they were associated i in 


ein- ‘The most casual examination of these d reve: 


n Te confirm the opinions of employers of engineers that were ere reported by AAE in 
iful & 1928.2 * Employers intimated that, under a a system of academic specialization, 
ee ‘ ‘young en, engineers have made this | crucial choice when they | lacked maturity to 
AAE [ _ insure good judgment; they made it it, moreover, without adequate k knowledge of © 
jence the conditions governing practice, or r of the market for such services. 
ployers declared, rather than intimated, that the product of engineering schools 
= precocious in its knowledge o' of advanced engineering theory but ae 
in appreciation of the business side of engineering, and that et oll 

7 Wi as achieved at the cost of essential training in engineering economics. + Saae 

the same time, employers noted that a considerable proportion of 
tudents’ time was spent in acquiring elementary s skills and learning to use 


s 
engineering or ‘scientific tools and instruments; this, a also, was at expense eof 


-Teceived by a large segment of engineering graduates, . who, using only these 


This condition accounted for the low rates of compensation 


elementary skills and tools, compete with subprofessionals whose competence Ree, 
based entirely on practical rather ‘than academic The 1940 
of the Market 
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‘actual or when opportunity for depends o: on additional 
_ study. They aré insatiable in their quest for scientific knowledge; it is this fact 
- _ that explains the multiplicity of technical societies, and the sectional and cross- 
a sectional pattern of organization within the societies. . Mr. Baker might have 


argued that engineers, this pattern of demonstrate a nit 


ay 


is purposeful. If the schools well- ‘practical ex- 
courses, engineers who have embarked d upon careers, who know 


eagerly as they now seek advanced from tech- 

nical society meetings and technical society journals. avian ts 

Mr. Baker’s Analysis. of the Engineering psychological tests 
and no scientific methods have been devised by AAE, that enable its committees 


ie to Teport authoritatively the mental quirks of engineers, | or to trace tendencies 


‘general indications noted by AAE c committees. A synthesis of cane 
_ opinions, as s expressed i in job orders, , presented i in the 19 40 survey* demonstrated 

that employers believe engineers’ principal weaknesses are: Blindness to in 
tangible phases of their work; . inarticulateness; inability to sell their own ee 
bilities; and an indifference to, or lack of, understanding of the ‘ ‘profit motive”’ 
- involved i in engineering projects. — ei The same criticism was found in the earlier 
survey,” and to some extent in the 1939 survey.* pint 4 
The 1946 study” leads one to conclude that, since 1941, eine has been a 
marked increase in employer demand for engineers who can “count the cost.” | 
It seems to be an outgrowth of the e change- -over from ‘ “cost- -plus” systems of 
production. of war goods to normal, , competitive ‘methods of producing civilian 


_ thereby averting an increase in ‘prices of finished 

; __sheceby eve are needed also to keep ¢ engineering costs in line with economy pro 

_ Manufacturers need engineering saputtien: who 10 can understand : and i insure 

2 we - conformity with all manner of government regulations—for example, those of 

a the Securities Exchange Commission, the Internal Revenue Department, and 


‘Finally, business: needs expert. engineering guidance in order arrive re at, 


ss 


quoted inthe 1928 report.®> | 
| 
— 
— 
— 
— 7 
‘ 
unskilled labor, business needs engineers who can get maximum returns 


employe er have administration experts who understand e en- 
gineering, or engineers who grasp the fundamentals of business administration 
3 in order to deal satisfactorily with the unions i in setting up job classifications and - 
_ specifications, wage and incentive systems, etc., and in living up to the very 


letter of agreements with the unions. 
a Mr. Baker omitted only one of the _ demands made by employers 
= reporting the findings of the 1940 survey.* This was the growing demand 

for engineers of ‘ ‘pleasing appearance.” Perhaps the author felt that this pa par- 
"ticular problem is the responsibility of the individual, not t the schools. ie 

number of AAE committees have suggested (and the point. was made in the 
be 1940 ) survey) t that the schools 1 may have rather overemphasized “ruggedness.” 


, Some > misapprehension may have caused the students to confuse virility with — 
untidiness. At one time, a committee requested the writer to check, 


the rather prideful references published in engineering school journals to 
engineering students as ‘ “campus roughnecks.” ‘There was some corroboration 
of that theory, but it was not sufficient to warrant examining & great number — : 
For the 1940 survey, _— employer specifications were checked closely >: 
as to ‘appearance”’ of candidates. Of the job orders filed with between 
1927 and 1929, 1.6% stated that appearance would be a factor in evaluating 4 
 aniiian for jobs, and i in 1939 and | 1940, 13. 6% of the orders made a similar — 


Census Bureau Statistics | Quoted by Mr. Baker. —Mr. Baker has reproduced 
" three interesting tables compiled by the U. S. Census Bureau, showing the dis- 
q tribution engineers on the basis of educational attainments, age, 
and salaries. The author does not argue that these tables are ‘necessarily 
representative of the entire profession. does suggest that they are interest-_ 
~ as they pertain toa substantial segment ¢ of /CTOss section of the profession. 
‘The 1940 survey included an analysis of data ¢ concerning 573 engineers who, : 
at that time, made up | the “active file” of registrants in the AAE employment 


= Segregating those ‘qualified for of f work in 


killed i ‘ratings; but the AAE experiments ai are not exactly parallel to o those made by the " 
4 _ _ Census Bureau and reported by the author. For instance, AAE dealt exclu- 
ction, siv vely 1 with ‘ “employee” engineers, whereas the Census Bureau group included _ 


scious: = unstated percentage of engineers engaged in private practice. In analyzing == 
y pro educational attainments and si salary levels the AAE procedure was not precisely 
that of the Census Bureau. Certain findings are reported in Table 10 only” 
insure because they bear a striking similarity to those of the Census Bureau. 

example, Table 8(a) ¢ can be compared with Table 10, which shows the 

it, an 


distribution of the 573 engineers whose registration cards were the basis of the | 


i=] 


Ibid., Group II, p. 29. 
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: Discussions 
_ -For civil and electrical engineers, the data in Table 10(a) are not greatly. 
ee a variance with those in Table 3(a). As smaller percentage of the mechanic: a 
engineers, included in the Table 10(a) study, held degrees than did the corre- 
ss sponding group analyzed by the Census Bureau. haat 
TABLE 10.— —SIGNIFICANT FINDINGS IN THE 1940 SuRVEY OF 
HE ‘Marker FOR ENGINEERING SERVICES _ 


"MCIVER ON ‘EDUCATION 


Responsible charge of of work 59 62 


— 


22. 5 


Bs, (0) ‘Distr RIBUTION PERCENTAGE or ToTaL 


Younger than 31 years. 36.5 5 52, 39.0 


Considering : all registrants in Table 10 (573), and « comparing their eduea- 
tional attainments with the Census Bureau data for “all technical engineers” 
(Table 3(a), Col. 6), the AAE group corresponds very closely to that studied - 
by the Census Bureau. the 573 « engineers, 52% were graduates, and 
_——- 267% t had one or more years | of technical school training (not including — 
trade or - correspondence school work). ‘The total 78% practically tallies with» 
the Census Bureau total of 78.8%, adding lines 1 and 20 of f Col. 6 in Table 3(a). 
Bite Table 3(b) indicates that 36. 2% of “all technical engineers” (Col. 6, line 11) 
os older than 45. — Only 18% of the engineers covered by the AAE study were” 
in that age group. e This is natural, because all the 573 engineers were appli- a 
 eants for “employment, whereas, the | Census Bureau studied both employee 
- engineers and those engaged i in private practice. . Only 12% of the men placed 
B.! the AAE service in 1940 were older than 45.% In analyzing job orders it 
Sal was found that one third of all pany filing such orders made a — 
requirement a as to age, and that on! y 1% of them expressed a willingness to hire 
“hy Although a age tite were relaxed during World War II, the 1946 study? 
indicates that it they have “tightened up” ’ rapidly since t ‘the end of the war. - The “a 4 
report of placements for 1939-1940 given in the 1940 survey,” shows an in interest 
ing resemblance to data quoted i in Table 3(c) (Col. S 6, lines 16 to 23). The 
- annual salary ratings of engineers can be studied by - Segregating the entire 


sample into three groups of equal numbers; thus, « one third of the e engineers. 


of the Market for Services,”’ 


Professional Engineer, 1940, p. 48. 
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500 to $2, 400: and $2,400 to $4, 200, respectiv 
: "The 1940 study cites only the rate at which these men were en not the 
actual earnings” for the year. 7 The Census Bureau q quoted actual and total 
- earnings f for 1939, which may have accrued from less than a year of -employ-— 
ment, some of the men reported having worked only intermittently but at 
monthly rates higher than total earnings for the year seem to indicate. Al- 
G though no real parallelism exists, a comparison of the AAE data with the Census 
- Bureau’s report that 21% of a!l technical engineers earned less than $1,600 in 
1939, whereas another 29. 8% earned between $1, 600 and $2,500, produces no 
. startling contradictions. In Col. 6, Table 3(0), ‘adding lines 16 to 19, instal, 
indicates that 21.1% of all technical il engineers earned less than $1,600. = 
Professional Registration —Among the 573 engineers whose experience 
: records were analyzed in Table 10, only forty four were registered as professional 
engineers, that is, 73% . Of the 573, there were 355 who had experience in | 
design or higher pti of practice that should have entitled them to register. 
: Of this 355, only 12% were registered. Of twenty-two construction super- 
_intendents, only seven w ere registered. two of nineteen electrical 
-gineers with experience in responsible charge. were registered ; among the 
| 3 chanicals only one of ten who had served as chief e engineers in industry 4 was 
q -Tegistered, and he was the only man in this category who | had had no academic 
training. Employers’ indifference to o registration was evidenced by the fact. 
that only one of several thousand job orders specified that registration was 
requisite. This is as true in 1946 as it was in 1940. In the 1946 study of job 
orders* only one employer that candidates must be 


‘The: intent has been to 1 report data ‘compiled by AAE that should be in 
- the appraisal of the paper by Mr. Baker. As stated, some of the AAE com- 
mittees have followed the vi ery line of investigation recommended by the author — 
_ and have used the technique that he suggests to the schools and professional 7 


= societies. — ‘The findings reported by AAE bear a striking resemblance to those 
_ that resulted from Mr. Baker’s independent investigations; and the inferences 
gq from the findings conform rather closely to Mr. Baker’s recommendations that: 
(1) ‘Undergraduate education should be confined to engineering funda- 
mentals and that it should cover entire of engineering rather than 


Scorr B. M. ASCE. s1a_This of the views of a con- 
‘sulting engineer on engineering education is most timely. -¥ changes 1 in the 
_uriculum are are due, they should be made now while the effects of World War II a 
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3 Discussions 


or 


felt: w every school is faced with in personnel; and while 


‘and that postgraduate ‘education. 


should be designed | to prepare for a career involvi ving administrative, executive, 


and managerial activities. There are certain phases of the problem of instruc 


tion, however, to which the writer would like to call particular attention. 
Essentially, engineering is planning. It consists in meeting and ‘solving 


— involved in the design of a particular structure, machine, or business 


activity, before aninvestmentismade. F or its successful practice, the engineer 
‘must have a sound background, not only in science, but in experience. 4 In fact, 


he must have the sound judgment based on € experience i! if he i is to create any 


enterprise that is successful. Undera any type of g government, investments must, 
satisfy social needs if they are to be justified. 


then, the great need of the successful engineer is ‘judgment based 


_ perience, why should a man go to college to study engineering? © 2 Why not revert. 


oe. on to the old apprentice system? Certainly the details of practice can be learned 


quickly and more thoroughly on the job than in the classroom. What can 


a8 college education give a man that he cannot get on the job? _ dust this: Unless 


8 man has a theoretical background, he has no w ay ay of classifying. and evaluating 


his experience. He has no know ledge « of the limitations imposed by nature, no 
realization that, although a law may hold under certain conditions, a abrupt 


i changes may be encountered if its use is extended beyond certain definite limits. 


If basic science is to ‘0 provide this framew ork, it ‘must be taught so that 


greater proportion of students find it) usable. Mathematics must be 
_ thoroughly taught and learned that general principles expressed in symbols 


are readily understood; but these principles must be so thoroughly compre- 
hended that the student ‘Tealizes that they are useless unless he can get from 


them the answer to the concrete problem to be solved. The | physical sciences 
must be sO thoroughly mastered that a knowledge | of ‘theory will make the 


_ engineer able to predict the limit of what : any y approach « can be expected to yield, 
with a clear idea of the limits of the theory. 


The heart of this suggestion i is that the amount of ow taught : should be 


“a limited to the ability of the students to comprehend clearly what is presented. 


eal humanities, are being so that the end product i is narrow. Quoting 


Nothing i is so useless as a knowledge of facts so poorly digested as to be in- 


- capable of use. The author states that too many engineers are “ narrow. 
= is nothing* inherent i in engineering which makes education i in that field 
narrow.’ From the reports that are coming out of the liberal arts 3 colleges, 
it appears | ‘that ‘English, history, political science, and many o' others of the so- 


: 3 “In the teaching of science, | the = of thought should be taught; namely, 
the art of forming clear conceptions applying to first-hand experience, the 
tes art of oe the general truths which apply, the art of testing divinations, 
“2 and the art of utilizing general truths by reasoning to more particular cases 


“Aims of and, -Other by Alfred North Whitehead. 81. 
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‘LILLY ON EDUCATION: 


: iar importance. Furthermore, a power of scientific exposition is 
7 poh nrg that the relevant issues, from a confused mass of ideas, can be 


stated clearly, with due emphasis on important points.” 
3 ngineering is being taught i in this way in some engineering schools. — A man pS. 


who has been exposed to this discipline for four y years cannot be called “narrow” 
or uneducated. “¥ _ Every thoughtful teacher in every course should be strivin c 
for the objectives : stated in the quotation from Mr. Whitehead, whether the 
subject be mathematics, English, or history. 
When he graduates, the student must realize that he has merely learned the 
vocabulary in college and that he must educate himself on the job. The 7 & 
: interest that comes from immediate use, the joy of of accomplishment t that is; 
experienced w hen, byr reason of study the night before, a man is able to have 
= the right answer at the right moment, gives the urge 2 which may ms make such 


_ What t has been sa said applies to the technical side of a man’s life. ee 
po prepare a man for his leisure hours as well as his working hours. _ There 
is a real adventure involved in the meeting of great minds in books, in making ~ 


friends with these authors, in the feeling that they are always there on the shelf, 
= where they can be consulted. . This type of companionship is waiting for those 


men w ho know how to read | ideas s and not words. © It comes: to those men who 
have been under the influence of teachers and friends whose j joy is in introducing 
young men to these pleasures. — _ The teachers who do this must be men endowed ~ 


with enthusiasm, as well as with knowledge and taste. Is this too much to og 
those who present literature, psychology, and philosophy? 
a This i is not anidle dream. Such teachers can. be had if society wants them. 7 
can be made attractive enough to bring able, well-rounded men 
| teaching. _ However, men of the type desired crave recognition of the impor- ‘ 
tance of their job even more than they crave money. _ ‘They | must feel that t 7 
7 there is wide realization of the great difficulties involved in teaching; of the 
_ hours of study necessary ; in general, that teaching d demands the best that a man © 


has, or can become, ‘if he is to have real success; and that the ends sought : 


~ Such teachers would produce students with a professional ttitude. 


w ould be conscious of the fact that they have an obligation to extend the 
. fr rontiers of of knowledge i in their own fields. _ More th: than that, they would oa 


knowledge of the impact of their activities o on n society. They would feel a a 


q “contact with active minds, with cultivated imaginations, they would be able 
and willing to engage in public affairs; -and the problem | of professional ‘recogni- _ 


Ww ith the help c of industry, the teacher ca can do much toi improve his condition. g 
with cu current problems. If he k knows these problems, the tea teacher’ 8 salary must bp 
rise or he will stay in industry. ‘There i is nothing like competition, not only to ae 
increase s salaries, but to the teacher. Teachers must be alert, keen, 
broadminded, and inforr 
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There i is no easy simple s solution to this complic: ated problem. It is not one 
os that can be solved by changing curricula, or studying in college five or six years 
3.4 instead of four. It is quality of instruction n that is needed; it is the true pro- : 

7 fessional attitude toward all activities that must be inculea vend, that will finally 


_win the battle; and quality i in the student must come from quality in the faculty. ‘ 


Ww hat can be done to bring” into teaching the best minds in the profession? 
- That is the question to be ‘solved. . WwW Vhat can the members of the ee do 
to bring this about? 
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GN LIVE LOADS IN B BUILDINGS 


Discussion 


| in By LEE NARVER, AND N. N. FREEMAN 


Nanver; M. ASCE. s_It of to know that a a live- 
load reduction formula for the design of buildings, developed to accomplish the | 2 
= results described by the author, was proposed to the Committee on Live Loads q 
of the American Standards Association in October, 1939. | The proposal went ’ 
_ through the “crucible” of criticism of that committee and, after r changes, was 
adopted in the form "presented by the author. ‘The proposal w. was first pub- 
‘lished i in pamphlet form— "Minimum Design ‘Loads i in Buildings and Other 
22, 1945, , by the A merican Standards Association 
58. 1945) and sponsored the National Bureau of On 


The object of that committee's work, together with that of on 
S Bese phases of building construction, was to formulate principles that can be 
used by cities throughout the United States in the — of f uniformity — 
th the Sentence — rl 2, the author 


given for the Internal Revenue he 


= 180 + 35. 5 = 215.5 Ib prhire? ft. "This loading will develop the full 
pone stress. The “basic live load” plus dead load equals 100 + = + 280° 
Ib per sq ft, which will produce 130% of the design s stress. Bree ey + 


Nots.—This paper by John W. Dunham was | published i in 1946, 
‘(Holmes & Narver), Los Angeles, Calif. 
“ont ‘American Standards Building Code Rete for Minimum ‘Design Loads in Buildin 
ther Structures,” M iscellaneous Publication No, #- 179, U. 8, Bureau of Standards, U. 6. —_ ° Come 
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om NARVER oN BUILDING Discussions. 


steel i is the structural material being u either as shapes or in 
reinforced concrete, specifications A- 7 of the “American Society for Testing 
oor establish a minimum yield point of 33,000 lb per sq in., or 165% of the ; 
 - able design stress of 20,000 lb per sq in. The net effect is 165% — S 130% 
= 85% of the design load of 215.5 lb per sq ft, or 75 lb per sq ft, as the load 


that must be added to the “basic live load” to develop the ne ee 
yield This means an Ov capacity of the of —— 


ae, The IT R Building i is an example of of office b building | loading c on the heavy side > 


et 


= 


et i is 130 Ib per sq ft and whose * “basic live load” i is 50 lb ‘per sq ft. 

i pe, By the proposed formula (Eq. 1): Maximum AW, = 0.83, or a minimum 
“design: live load” oo 8.5 lb per sq ft. _ The design load equals 130 a 8. 5 

138.5 Ib prsqfe 


the same as before, 35% of the design 


Both of these examples show substantial overload The yield 


point of steel used i in the foregoing calculations is a required minimum. For 
_ several years job tests have been showing the yield point of structural steel to 


amounts wit 3 50 of the ive oad. 


_be greater than 40,000 in tension; and in ag eh it is still higher. Assuming 

7 practice that the yield point will not be less than 40,000 lb per sq in., Eq. 1 
oe _ will result in an overload capacity of the structure of 150% over the ‘ ‘basic live | 
Sn load” forthe IR Building and one of 194% for the example of a building having 

a dead load of 130 lb per sq ft and a “basic live load” of 50 Ib per sq ft a 
‘alal It is to be noticed that a limitation has been en placed o on the proposed live-load ; 
reduction formulas. is recommended that assembly occupancies have no 


- live-load reduction.  Thisi isa sign of warning that there may be other | classes, 
or particular cases , of loading for which the formulas should not be followed. ¥ 
It is difficult to set up terms of a building ¢ code that will always be e applicable, 
<a = the engineer using the proposed system of reduction should consider care- 
i fully whether or not his particular problem { falls within the usable limits of the 
formulas. ' For example, a specialized storage building, i in which full “basic live 
an capacity y will be a attained d during known seasonal periods, ‘should have: no 
— appears that the proposed system of f arriving at loads for design purposes 
is closer to giving a true result for the normal run of buildings than the systems 
7 oe. now in common use. However, as in the case of all design, the closer the design 
approaches true conditions, the more important good engineering judgment 
Tae becomes. It is a step in the right" direction toward economic design, and 
economy is as much a consideration for the engineer as isa safe design. 
4 3 a ‘The proposed system may involve more engineering work than the present 
at) as, methods, but this 3 is a | business problem and ‘should not be an n obstacle i in the 
d results i in 


a of average; but consider an office building on the light side, whose dead ae 
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_ FREEMAN ON BUILDING LOA 


a“ N. N. _ FREEMAN, 7 Esa. In bringing this is important: subject t to the renewed 
- interest , of the engineering profession, this admirable, clearly written pi paper 


ma... surveys conducted under the e author’ 8 supervision yn seem to have been 


limited in scope, however, and were not quite correct in procedure. — The 


number of observations was obviously , small; and the recurrent use of the 


expression “* * * at the time it was surveyed * * *”— ”—indicates that most of 


: the data are the result of f only: one observation made ats a certain time and date. 


: the other hand, ‘represent a a very active live load, and figures may i ona con- ; 


siderably. _ There may be rush hours, queues, or conferences, and it would have 
. - been : advisable if more extensive observations could have been made to deter- 


entire building. Such 1 maximum m figures, together with the more constant live 
loads, would then represent the actual live loads for such a a 

_ For the aforementioned reasons, data shown in Tables 1 and 2 represent 
: only actual live loads at a certain time and date, and do not express critical live 


for the buildings it in question, 


; in n the survey of only two structures ¢ cannot be applied as general rules to all c= 47 
office buildings. Only extensive and prolonged investigations into many 
different types of such structures can supply a basis for an estimate of | reason- _ 
ably cc correct general design loads w which represent actual conditions. Such” 
investigations doubtless require considerable time, but zeal and money invested — 


= would be repaid many times over by savings in the design of new structures. 
The author’s proposal for determining amended design loads rests upon a 7 
— basic assumption which has not been supported by any experimental evidence. 

-load 

| He proposes to allow an occasional overstress in certain parts of the structure. — 
ro Then he assumes that if this overstress i is limited to 30% it is not t dangerous. and 
asses, be ed in the des 

— _ Whether such an assumption can can be accepted ithout the support of ex- Vee 

tensive and complete survey data is certainly « ‘open to discussion. ‘Such an 

care overstress may reach than a purely theoretical 30% and | ld y ee 

ate overst may reach more than a purely theoretica ® and could cause a 
. live serious reduction in the factor of safety of the entire building. There are a fk. ie 
ic i = certain well-known influences and stresses, however, which only rarely can be ; 
wins g - included in designs, such as secondary stresses due to stiffness of joints in 

welded steel frames and in reinforced concrete constructions, uneven settlement 
foundations, sudden gusts of wind, and earthquakes. Ina proper design 
; 


such stresses are allowed for by an .n ample factor of safety, the rate of which is . 
= according to local conditions and experience. > Even small overstresses 
5 at single points may be dangerous, because weakness is introduced into vital — 

- sentonllane members and failure may occur in the case of any emergency. a: 


Another obscure is the assumption of a reduction rate of 0. 
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FREEMAN ON BUILDING LOADS Discussions 
- value was determined; and ‘there i is no clue indicating any special argument in 
thesurvey data, 


tt should be the purpose of further surveys collect actual live- ‘load 


= 

+ 


m the basis 
fora new design system approaching actual 
1s Before such data are available it seems reasonable to make certain reduc- 
tions in the basic | live loads, how ever, nace the value of 50 lb per sq ft, with a 


the Building Code of the Notions! of Standards, U. 
Department of Commerce® that a load of 2,000 lb be placed on any 2.5 ft of 
floor space wherever this load on an otherwies unloaded floor would produce 
greater stresses than the 50 lb per sq ft of distributed load. 
_ With reference to apartment buildings the author reveals no new i informa- 
tion and his computations. are based upon assumed values, , which r may, or may 
approach actual conditions. I In the d design of apartment buildings, also, 


it would be advisable to collect proper and ample _ experimental data before 
any attempt is made to introduce a new me method ‘of analysis. ade wae a 


| ae chapter on n warehouses includes some e valuable observations; but a 
ee: survey | of only eight buildings cannot form a sufficiently broad basis for 


any general conclusions to be applicable to all warehouses. — Additional infor- 
mation: showing types of stores involved, ‘movements of i ingoing and outgoing» 
consignments, and loading and transport facilities, is needed for a proper classi- 
fication of data. oS Certain reductions in design loads seem to be feasible but 
further surveys are needed before any such assumptions can be made. wae 
Conclusions.— On the basis of the foregoing, three conctusions are possible 


in a a fair appraisal of this of this paper: 
1. Survey data given are incomplete and insufficient to eum rm a reliable basis | 


or any new proposals to reduce design live loads. ss eerie cell 
a ae _Overstresses during design can only be permitted if it is desired to reduce 
- the factor of safety accordingly. — K should be proved that a limit of 30% an 
not _ dangerous, and the author should explain further how the reduction rate — 
of 0. 08% per sq ft of tributary floor area was determined. Sia 
Further extensive surveys should be ‘made to collect sufficient reliable 


= information as a basis f for ' selecting new reduced live loads which approach ~ 


Steel Construction,” A.I.S.C., New York, N. Y., 1930, p. 52. 
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“DISCUSSIONS | 


. 
AND GLENNON GILBOY 


Henry C. BARKSDALE, 7 Assoc. M. ASCE. —It seems to the writer that 


7 “Messrs, Middlebrooks and Jervis are to be commended highly for their careful — 
a and intensive studies and for the clarity with which the results have been pre- 
sented. The note of moderation that permeates the whole paper and prefaces. 
4 the presentation of the theoretical design is particularly gratifying. _ Experi- 
= with the development of f ground- water supplies and studies of their char- : 
oa acteristics lead the writer to believe that the uniform conditions and homogene- 
a of the aquifer, which must be assumed t to apply any theoretical methods to 
the solution of such problems, is the exception rather than the rule. Sound 
engineering judgment is of prime importance in the application o of theoretical 
equations to ground-water conditions. following comments : are intended 
_ Reference is made in the paper to the difficulty of obtaining accurate 
. ‘ae of material at great depths for the determination of the coefficient of 
"permeability. ‘This difficulty i is one that h has long confronted students of 
ground-water hydrology. “No inexpensive e method ‘obtaining satisfactory 
_ Samples | has been devised. 1 However, the results of pumping tests for determin- 
ing the coefficient of permeability are being - used increasingly. | The several 
_ methods of determining permeability from pumping tests have been discussed — 
fully by L. K. Wenzel,® Assoc. M. ASCE. They depend upon careful observa- — 
_ tion of the effect of pumping one well upon the water levels in other wells near 


by. The coefficient of permeability thus determined automatically averages 
_ the irregularities of the formation. «dtl is suggested that, in structures of major oa 
importance, test w wells and pumping tests on them would be a reliable and not - - 
unduly expensive method of determining the permeability « of the materials 
beneath the foundation. — ‘Some of the test wells co: conceivably might later be 


—This paper by T. A. Middlebrooks and William H. was in Pro- 


Hydr. Engr., U. 8. Geological Survey, Trenton, N. J. 


®**Methods for Determining of Materials,” L. K. Wenzel, 
Supply Paper No. 887, U.8.G.8., Govt. Office, Washington. D 


1942 
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Since relief wells must depend for their ef upon natural 
gravity flow, the reduction of losses of head in the structure of the well ll itself i is, 
as the euthers state, west. important consideration. Both the loss in the 
well casing and the entrance loss through the screen are important. It is on 
" “ognized that the rate of flow into a relief well would be slower than that into a — 
well pumped for water supply. _ The losses would therefore be smaller. | 4 Never- 
; - theless, experience with wells for water supply has shown that, in the modern 
_ gravel-walled type of well, the entrance losses are less than in wells not so con. 
In formations composed of mixed d sand a and gravels, the gravel wall a 
may be built 1 up bya adequately developing the well. If, however, the formation — 
is uniform and fine grained, it may be advantageous to to introduce gravel around 


— 


‘the screen at the time the well is constructed. 
oa It seems to the writer that relief wells along a levee might present some 
special maintenance problems. — There would be no flow through them over 

ot long periods of time. It is conceivable, therefore, that some of the wells in the 
ag ‘system might become 80 clogged by corrosion or by the growth of ‘organisms i in 
the: water that they might not be effective when needed in times of flood. 

5 Maintenance e of th the well system would , therefore, become : an important part of 
= maintenance of the levee. Each well should be pumped and tested —_ 

cally to assure its continued effectiveness. _ 


ee, Where relief wells are an essential part of a adam, the problem of their main- — 
“tenance becomes especially important. f _ There is usually a more or less constant 7 
ae so that the relief wells will flow continually. It would, hepa. bet un- 
are e made to measure the flow from them periodically. — The public and j in fact 
_ many engineers are inclined to assume that the design of a dam more or less” 
permanently assures its safety. Where the safety of the dam 1 may ‘depend v upon 
the effectiveness of relief wells, the need for competent and continuous engineer- 
supervision of the structure becomes imperative, and the responsibility to 
a ca the public is greatly increased. . Under favorable conditions the life of a prop- 
erly. constructed well might be as much as 40 or 50 years depending largely on 


i character of the water and the type of materials used i in the well. a nder 
ay: less favorable conditions the well might fail within a a decade o or 50. In any 


tan _ Inc conclusion, th the v writer believes that this paper deserves the 2 widest public- 


ity and ‘discussion. This ‘relatively new method of increasing the safety of 
_ dams and levees should be called ‘to the attention of everyone concerned with 


the design and maintenance of such structures. Inq presenting this paper the 


4 are a service to the 


wells been in an interesting manner in this paper. 
4 tt oa Drainage wells have been used on structures of any degree of importance only 1 
in recent times, and this engineering feature should 
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prove 2 of more and greater importance as as times goes on with reference to the 


levees, ‘miscellaneous embankments, and other r types of | engineering structures. 
In the not distant future drainage wells probably will be incorporated as @ 
regular feature in the design of all engineering structures built on pervious 
foundations which are subject to dangerous exit pressures of seepage w water. 
The question often arises, particularly with reference to structures already 
- built, as to whether drainage wells are needed for the relief of excessive sub- 
- stratum pressures. An effective method in demonstrating the need of a drain- 
= system is by an an installation of. ‘iesometers. The piezometer installation 


os ‘engineer - will have sufficient data 2 to in indicate whether a pressure relief system of P 
some type is needed. 
Rpar The authors give a very complete discussion of the critical escape pressure — 
gradients from which boils n may result, and state that a pressure head loss of 2. 
tt from 25% to 50% is not unusual between the upstream and downstream sides. 
Bt is desirable to stress that, in ‘some exceptional instances where the _ 
stratum is quite pervious, the pressure head loss may even be as high as from 
0% to 80%. Ifsucha condition exists, ‘it is quite obvious that seepage losses: 
hind the structure may dis- 
sipate dangerous heads with the result that sand boils could not occur. In these 
particular cases drainage w wells would not be feasible since their effectiveness _ 
would be relatively small. Drainage wells also might n not be feasible in the 
~ case of an extremely p pervious ‘and thick foundation where the. amount of water 


x drainage well system beyond : all economical limits of construction. Re In gen- 
eral, on all ordinary pervious foundations | with relatively tight top strata, a 


“Properly designed drainage system | can be entirely effective and feasible, and in 


Pi brought to the surface of the ground by a system of drainage eng It 

is true, of course, that any system of drainage brings more water to the ‘ground 

: ‘surface and results in additional drainage requirements. In many cases addi- 

tional drainage ‘Tequirements can be easily and economically met. ‘However, 
in some other instances, particularly behind long levees, the drainage problem 
_ may be serious pus from the practical and economical viewpoint and may have to — 

. be handled as a as an independent ‘project. In. these latter cases the increased — 

_ cost of the well system due to drainage will have to be carefully weighed against 


- the re reduced hazards attributed to the drainage well system. As a matter = 
4 


‘interest, particularly from the psychological angle, the writer believes that if 
- possible all water from drainage wells should be released into a header pipe aed 
Doecneapual the ground surface and collection and disposal should be made in . 
“given sump area. — An alternate procedure is to have a properly constructed 


Collection ditch which will ca carry | the water to the disposal sump. 
‘The writer would very much like to indicate difference between th the ips 


‘pressure relief” and “seepage relief.” Inn numerous instances these terms have 


d 
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Discussions 

been used interchangeably : although actually there is a vast difference between 
them. To secure pressure relief—that i is, for prevention of boils—an escape 
pressure gradient ¢ of less than 0. 6i is s certainly adequate i in al all cases. = _ However, 


_ ‘ These facts amply | demonstrate we a drainage well system w hich would give 
‘ adequate pressure relief may still show considerable free surface seepage. In 

7 this connection, the writer wishes to refer to a field experimental installation of 
pressure relief wells at Sardis Dam at Sardis, Miss. In this installation numer- 
ous types of commercial and improvised drainage wells we ere used. - The fol- 
lowing i is a list of these wells: : Improvised—(1) porous concrete (gravel aggre: 
gate), bevel joint; (2) porous ¢ concrete (slag aggregate), lap joint; (3) cement- 

4 asbestos drilled with }-in. holes on 3-in. . centers; (4) square wooden pipe with 
3-in. holes on 2-in. centers; (5) perforated concrete pipe with twelve }-in. holes 

per foot of pipe; (6) perforated clay me with thirty 3-in. holes per foot of pipe; 


= (7) 10-in. steel casing perforated with ;4-in. holes on 3-in. by 5-in. centers filled 


with sand-gravel; (8) 10-in. steel casing perforated as in item (7) with a a per- 

forated collection galvanized sheet-iron pipe in the center of the casing sur- 

rounded with gravel filter; (9) perforated galvanized -sheet-iron tubes with 

te-in. h holes on 3-in. centers; and commercial—(10) perforated steel ‘pipe: with 

- porous 1s cemented gravel filter; and (11) seven commercial well ‘screens with 

it. various type slot openings. va In all installations of either commercial or im- 

J provised wells, a filter was used around the well if the slot o opening was of such 

_ size that a filter was necessary to prevent the entrance of the foundation sands 

‘ into the well. In practically all cases the improvised wells have functioned 

equally a as W well as the commercially produced produets with the noticeable 

_ exception of the 10-i -in. well which was backfilled on the inside with ‘pervious 

ag gravel. : In this | particular. case the frictional resistance of the water through the 

gravel was such that an excessive head loss resulted and in consequence very 

— little » water was delivered by the well and 1 very little pr headend relief wa as ace 

The U. 8. Waterways Experiment Station at Miss. 

_ ously done considerable work on the design of gravel filters and had arrived 

_ at the general criterion that the ratio of the 15% size of the filter material to the 

_ 85% size of the foundation material should not be greater than 5. ~ Laboratory 

tests in a y designed pressure tank that this ratio might range 


ment of the Sardis. on the preceding assump- 
tions and in every case the filters proved to be entirely successful even though 
- in some cases the thickness of the filter around the pipe was not more than 3 in. 
The necessity for the ratio of the 85% size of foundation sands or filter * (as the 
- case m may be) to the slot 0] opening (being greater than n 1) was demonstrated by 
the installation of two ‘metal slot wells without filters. — In one case this ratio | 
was 1.1 and in the other 0.7. In the former instance the infiltration of sand | 
into the well did not occur, whereas in the latter beacees on well became | com ; 
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TURNBULL RELIEF WELLS 


In the « one two. drainage well installations made 
along Mississippi River levees is described and discussed briefly. At the site — 
of the installation, e excessive underseepage accompanied by numerous ne 


‘The sand boils were not considered dangerous and only a . few were fos 
Heavy underseepage occurred as far as 1,000 ft to the land side of the levee 
whereas the boil area was: confined ‘mainly within 100 ft of the levee toe. — A od 
‘stratum of relatively i impervious silts and silty clays covers most of the | > . 
with a thickness ranging from 4 ft to 40 ft. . On one low Tidge the surface soil 
consists of a a sandy, silt which is relatively | pervious, and the earliest and heaviest 
seepage occurred on this ridge. - The top stratum is underlain by a fine sand 

=_— which is quite pervious, and this in turn is underlain by strata of 
medium to coarse sands and sand gravel, all of which are highly pervious. The 
average thickness of the top at stratum along the line of wells is about 10 ft. The 
river is about 1,800 ft away. However, large borrow pits exist in front of the 
_ levee, some areas of which | extend into the fine sand ‘stratum. ; This: fact caused 


‘ difficulty in arriving : ata proper assumption of the over-all average distance of 
the source of the water from the line of wells. The permeability « of the pervious r 


- strata was based on laboratory tests obtained on disturbed samples of the ma- 
terial in question. — 7 The laboratory tests were used because of the lack of more> 
— adequate field information on the in-place permeability of the pervious ma- 


‘The installation as made was | for test purposes. Consequently, ‘the length 

‘wae screen. was s varied to: agree with 10%, 20%, and 30% penetrations of the — 

7 pervious strata. 7 Every f fourth well had a 10% penetration screen at the 20% 

— depth. A minimum clear, inside diameter of 23 in. was chosen for the well | 

screen riser pipe. On the basis of the assumptions for permeability and 
length of flow path and well diameter, a well spacing of 50 ft was used. This ’ 
_ Spacing did not agree, of course, for the various penetrations but represented — 


an average spacing. The wells used were nonmetallic and consisted of screen, 


and discharge sections. The screen section was ‘composed of a 4-in. in- 


side diameter porous concrete pipe which served | as a filter for a core of per- 
forated clay y tile, 23 in. in inside diameter. — _ The riser section was of solid clay 
e was carefully s sealed through the top stratum 

- Space does not permit further detailed 2 


tile, in. 1. in inside diameter, which was connected to a solid clay discharge > pipe» 


amped A surface ditch v was dug near and parallel 


with the line of the wells for disposal of the water. 


cr. A system of piezometers was installed. _ The system n consisted of a single 
line of piezometers in the line of wells with several lines running transverse — 


both to the land side and river side of the | 


i Wie During the spring flood season of 1943 a relatively low head of about 7.5 Bit i 


experienced against the | levee at the location of the wells. very brief 
summary of the test findings follows: 


a. The piezometers in the line | of wells with all wells loced i i dicated that 
about 70% of the river-side head ws was dissipated by underseepage alone; and that 
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Discussions 
data. indicate that the top stratum at the site of the test installation wa _ 
_ Pervious to demonstrate the effectiveness of a well system adequately. — st 
- bs Test data indicated that the well discharges obtained were about twice ipl 
those expected for for the given head, thus indicating either that the assumed co- he 
tos of permeability was not great enough or or that the effective distance to he 


: 3 the source of the water chosen was too great. T These facts: indicate the the nec- 


essity of designing a well. system with a fairly large factor of safety. 
Test data indicated that the'f friction n losses obtained in the well, fi from 
et ‘2h in. to 3 in. in inside | diameter, were too great for the | quantity of water in 
“produced and that larger clear diameters were necessary. ce 


_ d. The nonmetallic lic type of well as installed is highly efficient in the pro- 
- lel water but needs further - thought a1 and study to insure that the wells do 
_ not develop faults caused by the many joints which are not positively connected. Ba 
Test data indicated that the 10% penetration well was relatively in- 
_ effective but that, if the wall were placed at the 20% penetration depth, it 


would produce about a ‘as much water as the full 20% penetration well. The Wwe 

80% penetration well is appreciably more effective than the others, showing Ss 

> that a minimum penetration of at least 25% may be desirable in most cases. ite 
sf. ‘Test data were not conclusive because of the relatively low head; higher pop 


=~ 7 _ s Test data indicated that the lack of information on actual field in-place 
"permeabilities is serious and every effort should be made to d determine this 
a value. (An e excellent method of determining the field permeability is by 
darge- scale field pumping test and alternate field procedures are the dye 
electric methods; however, in general, determination of permeabilities by 
pumping w water into a stratum | is not recommended. > ae : 


heads are needed for final and conclusive data, 


- kh, The he outlet of drainage w wells should be as low as possible. | 


The writer wishes to emphasize : a few features of the e design and 
of drainage wells. 7 ‘Extreme care should be taken to secure a tight backfill 
e, around the well through the e top stratum material. _ This measure is obviously 
*, “necessary because the higher pressure of the deeper and usually more pervious - 
vg strata will be brought « directly t to the surface ‘through the medium of the well and 
should the well in any manner become plugged, there may be e material danger | 
of piping around the well. Thus, every precaution should be taken so that a 
drainage well is not plugged in any way ' while in operation. Another feature 
of extreme importance in the design of. drainage wells is is adequate. insurance — 
that the diameter of t of the drainage well is sufficiently great th that friction and 
velocity head losses are maintained ata minimum. It is quite possible that the 


difference b between an effective drainage and. one thati is ineffective might 


ing of a drainage well system, it is very canail to remember that a properly, 
designed system may be rendered ineffective by a poor installation. | The 
- authors have placed needed emphasis on the importance of obtaining the best 

_ information possible concerning (1) proper evaluation of the over-all coefficient | 
permeability of the pervious strata, and the effective distance between 
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GLENNON Assoc. M ASCE. 100 —A neat summary of the present 
‘state of development, both theoretical and practical, of well relief systems is - 
presented in this paper. . Although much remains to be learned, such systems 
have already proved to be of great practical value, and they 
an increasingly wider range of application. 
_ Compared with rock toes, gravel drains, and other surface relief measures, — 
the drainage | w well has outstandingly useful characteristics. — Not only does it 
=|; serve to penetrate a thick i impervious blanket at much less expense th than trench- 
ing, but it also s serves, in the p pervious stratum itself, to intercept a a whole suc- 
cession of layers, thus providing relief where needed and compensating for the ag 
inferior drainage characteristics of stratified deposits in the vertical direction. 
7A The importance of these effects can readily be visualized by considering, as 


an extreme case, a pervious deposit composed of thin layers of sand separated 2 

by layers of tar paper. It is obvious that a surface drain would afford prac-- 

_ tically no relief, whereas a well, punching through the layers of tar paper, 

: be very effective. _ The formation of a boil would ‘correspond to a suc- 
oa tearing of the tar paper layers, | beginning at t some weak point, as. a 

result of the horizontally transmitted pressures. . The surface drain would not an 
prevent this, w hereas: a properly designed well system would d reduce the pres- 
‘sures so that the p progressive rupture could never get a start. ei 

id _ Natural deposits do not normally reach this extreme, but the effect is s present 

to some « degree i in practically all sedimentary materials. Therefore, the ap- 

a licability of theoretical analyses and model tests based on homogeneous and 

rotropio media is limited. As guides such analyses and tests are useful, but 

be is too much to expect that their results will be reflected quantitatively in the 
prototype . Thus, although wells are peculiarly adapted to drainage of strati- 
fied deposits, the existence of stratification throws a considerable element of 
uncertainty into ) the d design. of It is proper to recognize this condition at the 
outset and to be prepared. to ‘modify the installation if the first trial proves 

inadequate. Fortunately, the authors state, well systems are naturally: 

: flexible, so that the cut-and- -try method i is not as much of a drawback asitis 
in other types of drainage installations. 


The authors of controlled versus uncontrolled dr ‘drainage. This con- 


2 sary, ‘to make a dam as nearly watertight as possible; but there are many 
instances in which a high degree of -watertightness- not. only is: expensive to 
- obtain, but also i is 1 not in the least necessary for the functic ning of the structure 
In structures intended ‘merely to retard, rather than completely stop, the pas- 
me of water, a a design which | contemplates su substantial seepage losses can be — 
‘entirely adequate by | proper drainage con control. 
_ Control of of seepage through the body of the dam itself is usually provided — 
ih by a rock toe, a horizontal drainage blanket, or other suitable method. The 
- factors governing the flow pattern and the quantity of seepage | are reasonably 
well | understood, so that the drainage system can be planned intelligently. 
Good modern practice in this respect, however, is by no means — 


Engr., South Lincoln, Mass. 
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_GILBOY ON RELIEF WELLS 

‘the subject has been well reviewed, within the past five 
years a flood control dam, with ‘normally dry reservoir, has been constructed 
with a 1-on-3 ‘upstream slope and a l-on-6 downstream slope—the avowed 
: purpose ¢ of the latter ' being to keep the line of saturation covered up. The fact 
that this queer concept is still extant- shows the need for continued emphasis 
the subject of sound drainage control, 

ma _ Control of foundation seepage is s every bit as s important, and is frequently 
“much more complicated. Sometimes it is possible to combine the control 
_ systems, ‘draining the foundation into the same element which drains the dam. 
Sinking a an underdrain through : an impervious natural blanket and connecting | 

r it to the Tock t toe of the dam i is a good example of this practice. _ On the other 

= hand, there are many cases in which this procedure i is impractical, or, if adopted, 
— prove i ineffective. In this region, the drainage \ well comes into its ow - 
- ~The well should be e considered, ‘thevelore, not m merely as as an n adjunct or or a correc- 
_ tive measure, but as an an element i in the design, coordinated with the other ele- 

_ ments of the drainage system. — ‘The Arkabutla installation | is an important 


_ he factual material presented by) the authors on existing installations i is 
_—- and instructive. The writer has no comment to make, except to 
pero that, for those cases which have not as yet been subjected to extreme 
operating conditions, the authors present : a follow-up when those conditions: 
ise, so that the ‘peotendion 2 may be informed of the final adequacy ¢ of the i in- 
“conditions m and of the additional corrective eee if any, which the extreme 
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DISCUSSIONS 


ENGINEERING EDUCATION 


‘PROGRESS REPORTS OF THE SOCIETY’ PROFESSIONAL 
COMMITTEE ON ENGINEERING EDUCATION, _ 


FOR 1944 AND 194500 


Discussion 


By HARRY RUBEY 


Harry Rusey,’ M. “ASCE. reports are well conceived 


executed. They will be regarded highly by educators who are faced continually 
: with the responsibility | of “ maximizing” the preparation | of young engineers. = 
In interpreting this valuable st summary ry of op opinion, it will be useful to group - 
certain ‘subjects. For example, if highways, railways, and airways are com- 
bined under the single subject of “transportation,” this broader classification — 
would justify a a much higher rating than has been allotted to each separately. 
Courses i in “transportation,” as given by a particular institution, would doubt- 


employment opportunities—at the same time. covering all three subjects i in at 
least an introductory manner. The Army Specialized Training Program in- 
_ cluded a course of this nature entitled “Transportation 403.’ sia 
- Amore significant gro grouping , might be made of certain items in Tables 3(b), 
3(c), and 3(d) which include a large number of ‘subjects | and to which others 
might have been added. Iti is obvious that separate courses cannot be given 
{ _ for all the nontechnical subjects that have relatively high ratings, although most _ 
of these are important in varying degrees to any particular graduate. — ‘Some ie 
of t these subjects will be touched on in the usual technical courses, but there is 7 
need for a comprehensive senior course that might be termed a “Survey of. 
Management for Engineers,” in which the student could be introduced to most 


of the following subjects, and to other phases of management: © 


From Table 3(b), Basic Sciences—statistical analysis; 
_ From Table 3(c), Other Subjects—professional relations, personnel and labor 
relations, “engineering economy, public administration, ethics, finance, indus-— 


trial management, industrial history, and accounting;and 


| From Table 3(d), Civil Engineering Subjects—valuation and appraisal. 


— Note.—These reports were published in March, 1946, Proceedings. Discussion on this report has 


a 8ppeared in Proceedings, as follows: June, 1946, by Frederic Bass, and John B. Wilbur; and Ceptaaines, = 
» by Lowell O. Stewart, and Roy M.Green. 
Chairman, Dept. of Civ. Eng., » Univ. of Missouri, Mo. 
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RUBEY ON ENGINEERING Discussions 


‘Sufficient introductory information an and of many of the subjects 
in the preceding paragraph, and others, can be ina 


will in overcoming the major found in ‘graduates. ‘So taught 
‘it will w iden horizons; and it will i ill increase in conference 
in participating in public affairs. _ Perhaps such a course ‘could be sendied 

as contributing toward the humanistic-social stem, since business and m manage- 
ment situations are used to > develop an appreciation of the over-all manner in 
which people orga organize and conduct their activities. 


_ _ Revelations | of the deficiencies in engineering graduates a are an important 
feature of the reports, and they define the area in which constructive steps 
should be taken. Iti is apparent that the deficiencies mentioned result in part — 
from the narrow and specialized viewpoint which is difficult to avoid in most 
technical courses. In so far as engineering education can  allev iate these short- 
comings, the improvement must be accomplished ge courses that the 
students like. Tnnate characteristics of the engine ann 


eure 


= 


Engineering students are as much interested in management and allied 


‘subjects as as they are disinterested in courses given by the arts college. 


‘Practicing engineers have e expressed a similar. evaluation, under the bonding, 3 
“Opinions Expressed i in Questionnaire,” in n the 1945 report and in 1 Fig. 3 and 


Table 3 of the _ “Appendix. ” It has long been known that the 1 majority y of 
civilian engineers engage in work that is primarily administrative. _ Commis- 


- sioned engineer officers noted during the war that their duties were largely 7 


administrative. Thus, overwhelming corroborative evidence and natural mo- 

; tivation both i indicate the need fe for a general survey course based on manage- 

~ mentas perhaps the best ‘single academic remedy for overcoming the deficiencies 

found i in engineering graduates. 

“i If the observed handicaps are to be corrected, educators must inte ad- 

a a vantage of the interest of the students and of the opinions of the older engineers 

“= summarized in the reports. These handicaps have long been known or 

‘Suspected but little has been done about them. ‘Obviously, educational 

3 "procedures have not been effective. = nit 


was probably ‘not entirely clear to and def hurriedly answering t the 


and would have been ‘higher, if ‘they v were ere grouped 
together, since the duties of the older « engineers are mainly administrative. i 
 dAt must | not be overlooked that most graduates will receive only the bache- 


ii s degree and are not a adequately educated for a ‘modern, highly technical 
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— bg ad individual himself for his later years. Doubtless the former interpretation 

iin: 

four-year men will therefore be limited to high-grade technician positions, 

they must turn toward management and semitechnical activities where there 

ee Re ay is less of a “ceiling” to their advancement and where they are in great demand. 7 
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DISCUSSIONS 

_ PROGRESS REPORT OF THE COMMITTEE OF 

SURVEYING AND MAPPING DIVISION 

Steps 

part Discussion 

nged Roam DANIEL KENNE AND RALPH P 

Roger E. ». AMIDON,! A 1 Assoc. M. ASCE." ‘Under the heading, “Purpose and 

ding, Scope,” the committee ex expresses the hope 

ty of pide * that the report will tend to raise the standards of topographic 

amie. surveying and will help engineers to appreciate the fact that topographic 

meee i ‘Inapping is a type of service that requires special training and that offers 

rgey opportunity for the display of skill and imagination in the improvement of. 

| mo- the quality of the service.” 


‘The re report undoubtedly will assist in this result. Certainly. 


nage- 


nies 
~~ - ‘there i is enormous room for raising the standard of topographic maps. = Ani im- 
. ot | — can be effected by teaching the users as well as the makers of maps 


he difference between good and bad maps, the economic advantage of good 


on aan and how they can be made made a _ The report is a beginning i in 


vad Civil engineering is such a broad subject von no man can possibly be ex- 
=?p pected to be an expert in many phases. ' _ Topographic engineering is a highly 
specialized field | and should be considered | assuch. Surveying, including topo- 
| aor mapping, is one of the oldest phases of civil engineering an and is perhaps ~ ; 

_ taken for granted by too many engineers. , Engineers in charge of projects — 


ques- 
apply 
of the 


ation 

ment - be continuously on the alert for inferior surveying and mapping work 7 
ed which | they are to base their designs and estimates. The tendency to feel 

dupe 4 

_ q that any man who has | had basic instruction in 1 surveying is a qualified | topo- 


grapher and needs no supervision, training, or technical assistance is 


ache- 

nical SPread among engineers and ‘others. If the project engineer understands 
these | fact ar and guards against it by employing competent supervi 


or 
ns, 0 ;  Nors.- —This 1 report was published in April, 1946, Proceedings, 


‘Associate Engr., U. 8. Forest Altadena, Calif. 
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sonnel with leadership and d administrative ability, the efficiency of the ito 

i be expedited and the quality of his final results will be materially e1 enhanced. 7 


_ veyor can be trained on the job j ina oomparatively short dene to do work of a 
good quality with reasonable speed. _ A highly skilled topographer can super- 

_ Vise e and train from four to eight field plane-table parties » with inexperienced 

7 party chiefs, and within a period of from two t to three months have them turning 
out a satistactory quality am and quantity of work. Training should include field 

7 demonstration and instruction. Supervision should consist of the detailed 
planning of each wok well as the solution of all new and unusual 
problems ms arising. ’ _ Many short cuts are developed by all topographers as their 
experience is increased. Many of these can be explained, ‘demonstrated, and 
discussed with the trainee. Good professional morale is essential to the success 

of any individual in any undertaking and certainly holds true in topographic 
mapping. . An enthusiasm for the w work must be developed in the trainee to 
a out his best efforts. This result ¢ can be accomplished by presenting, in 
action and word, the i impor rtance of a good | map and the high degree of skill 
"attainable. “Actually, topographic mapping embodies : art as well as engineer- 

ing. ‘The satisfaction derived from the completion o of a technically topographi- 

cal and artistically correct topographic sheet is similar to that obtained by t! os 

In comparing the various methods of mapping, much more can be 
tioned regarding their advantages and disadvantages. are glare 

ingly lacking in presenting definite information on this subject. In| general, 
_ engineers are more familiar \ with transit wo work than any 0 other type of surveying, 
and therefore many assume that it is adaptable to ev ery possible condition of 
“Mapping. ;- «Iti is probably fair to ‘State that n more general and detailed maps are 
“made by the transit method than by any other ‘procedure. _ Practically the 
only | advantages that this method offers over others are that more engineers 


understand the mechanical operation of the transit and it is the most common 

- and only basic instrument needed in the preparation of this type of map. The 

_ first of these advantages is of negligible value on @ mapping project of any 

- magnitude, in view of the fact that capable plane-table men can be trained in a 

_ short time. . The second is of insignificance when the cost of a plane- table 
‘outfit i is considered. The : entire cost of an alidade, tripod, and board will be 

_ offset by a reasonably competent operator ina ‘@ period of from one to three 
a er Many of the transit a of general and detail scale are still prepared by 
transit cross-section method. Qualified and competent engineers in other 
fields fail to take the time to diagnose the inherent failure of this type of map- 
ping. Itiscommon practice to take cross sections at 25-ft, 50-ft, and leven 100-ft 
intervals for the preparation of maps at large scales of from 1 in. equals 50 ft 

to 1 in. equals 100 ft and contour intervals of from 2 2 ft to 10 ) ft. . The ‘glaring 
deficiency of this method even en as compared to random shot transit topography — 

is is evident when it is Tealized that rod Positions at a scale of 100 ft to the inch 
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- taken to show detail that cannot otherwise be properly presented . Some 

i engineers believe that reservoir quantities, for instance, are not of sufficient — 
"accuracy when determined from contour planimetry and that volumes deter- 

: mined by cross sectioning are superior. _ ‘The reason for this erroneous con- 

ception is obvious when one considers that ordinarily repetitive cross sections 

per- are taken at previously : sectioned and marked stations and consequently show 

iced | less less discrepancy | from year to year than do cross sections taken at random and — 

ning to cross sections plotted from the topographic base map. It is the 

field writer’s contention that the over-all most accurate and satisfactory method of 
| ee the capacity of reservoirs is from a good base map at correct scale | 
= contour interval. 2 Subsequent reservoir capacities \ will be correctly deter- 
mined byn measurement from a new contour map of the : areas where change has — 


ii In general, the accuracy of a map i is directly proportional to the number of 

correctly placed shots over the whole area. The cross-sectional method usually 

_ minor changes of shape: and planimetry. The additional \ work involved © 
and the increased chance for error usually y drastically handicap transit topo- - 
and favor plane-table methods. The office engineer must be an ex- 

“tremely ca capable individual if he is to interpret transit field notes correctly. _ 

' The field engineer must be an experienced, capable, and imaginative person if 


el is to take only the shots needed to correctly present the topography of the 
area. A plane-table instrumentman soon learns that unnecessary shots are a 
waste of time and effort, and a shortage of vertical and horizontal control 
. positions results in the impossibility of correctly presenting the terrain. 
om Without: question, the combination of aerial photographs and plane- table 
7 methods is most advantageous where photographs : are available or obtainable 


3 and the size of the project economically justifies their procurement and use. 


This method should definitely be considered on of any appreciable 
— Costs are usually Masencerting to the topographer with the artist’s desire 
for perfection—the tendency may be to attempt accuracy and detail beyond © 
the need of the Specific map—particularly detail scale maps. The specifica- — 
tions for accuracy suggested in Section C of the Appendix visualize the presenta- 
~ tion of all detail within ‘drafting limits. — This is, undoubtedly, academically 
E - desirable; but, a as sa rule, in practice it is subject. to radical divergence. . The 

- individual purpose for which the map is made determines the accuracy n neces- 


The design engineer is not accustomed to reading detail to the fineness: 


i in. to 10 ft or 20 ft with 1- it contours may y be desired by a designer so that be. ; 


can plot reasonably accurately the outlin e and elevation of structures. The 
“correct | position of topography and planimetry to a drafting accuracy of 1 in. © 


to 100 0 ft is usually sufficient for his | purpose although, for convenience, the 


<¥ ~ Engineers i in general do not fully understand the results that can be expected _ 

Be enlarging maps. _ The United States Geological Survey | quadrangle sheets 
are frequently criticized because, after enlargement from four to eight times, 
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“scale. It i is more satisfactory to use a field scale on general and detailed scale 


‘maps of sufficient size to take care of any anticipated s¢ scale needs rather than’ 


to enlarge the map after completion. 
Many) maps are made without — to previously established datum. 
This i is, of course, undesirable but it is difficult to present to the individual the 
- economic advantage of doing extra work for the purpose of showing correct. 
~ horizontal and vertical positions on an isolated area which is prepared and used 
- for a specific immediate purpose. In | many cases, of course, the small amount 
i _ of extra effort necessary to tie in a map to true horizontal and vertical control 
<s ‘Positions is repaid many times i in a short time. | Certainly all local, state, and 
* federal ‘agencies. should be required to tie in n maps | prepared by them correctly. 
‘ ‘The long-range advantage of this can scarcely be questioned although at 
present it is not universally enjoyed. _ The time and effort lost in remapping 
a und endeavoring to corr rrectly_ tie i n previously mapped areas would, over all, 


more than pay for the original permanent establishment of markers. An ap 


a Ms. The practice of many 0 organizations is s to provide the topographer w with the 


him loose. >. Instances are kni known in which the topographer \ was not | furnished 
a with the si scale, contour interval, or use to which the map was to be | put p: prior to 


‘ing the work. He, in turn, should prepare detailed specifications and instruc- 


tions for the information and guidance of the party chiefs. A complete under- 
standing by the party chief of the quality of work expected and the method of 
‘inspection and checks that are to be used will keep him alert and conscientious 


as well as give him an ‘understanding of the quality 2 and quantity r of work de- 7 


‘manded. 


“Inefficiency in in "ee mapping is the rule rather than the exception. | Engi- 


“neers unfamiliar with topographic | mapping will send mapping parties into the 
field with more men than are desirable for efficient operation. The party y chief 
= realize this fact, if he is an experienced mapper, but hesitates to make 4 


- point of it as a reduction in personnel may increase his work and also he hesitates 


Discussions 


peal to the professional integrity of engineers should be beneficial. . ied 


7 = initiation of the work. — ; _ General specifications : should be prepared in in ened 


| 


/ 


oe to tell his superior how the job should be administered. Plane-table parties 


ean seldom utilize more than three men. The party chief (who i is instrument- | 


man), a recorder, and one rodman. The recorder can be dispensed with 
a 5 small-scale mapping. Two rodmen are seldom, if ever, efficient on plane- table &g 


Si ae work. On. detail scale e maps, r rod | positions ase spaced at such close intervals 


i> ee’ that one /Todman will more than keep the instrumentman busy. On small- 


scale maps, one rodman will keep the instrumentman occupied except where . 


the terrain and vegetation are extremely difficult. _ The experienced topo: 


grapher is able to circumvent many small areas of this s nature. _ Efficient opera- 


te tion requires continual and detailed planning on the part. of the mapper and 


4 the rodman to get necessary shots in the shortest time and with the least effort. 
Many brush lines are cut which are not necessary -y and could be omitted by 
other r methods of Additional instrument can be 


ey 
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is experienced and familiar with the 
to describe the features accurately. It is usually more accurate and time cay 
ing to utilize additional instrument setups than to cut brush. Much expense _ 
is caused in most topographic surveys by lack of experienced rodmen. The — 
difference between a good experienced rodman and an inexperienced one a 
“easily result in a variation of from 10% to 20% in the quantity of production as 
well as in a reduction in the accuracy of the results. If project managers ~ 
realized this, additional pay for good rodmen would be r more readily f forth- 


eomings 
In transit topography, two rodmen, a recorder, and an instrumentman (who 

is the party chief) are sufficient on most surveys. - Many engineers consider » 
the plane table an awkward instrument to maneuver in difficult terrain. * 
There is little foundation for this contention if the correct board is used. es 


1 ap- 7 15-in. by 15-in. . board can be maneuvered in the most rugged vegetation a 
Re “terrain without. undue difficulty by an experienced man. _ Boards, 9 in. by 9in., 
1 the have been used on small-scale mapping. — Celluloid este, are very effective i in ; 


turn : climates where rain causes difficulty in the use of paper. wie © 

ished A sumi summary of the pertinent facts in this discussion is as follows: ] 

iting 1 . A need exists for the e education of users of topographic emaps. - ; 
vig. . Good general and ‘detailed maps can be made by comparatively inex- 
aden rT 3. Plane-table methods on any scale are usually more economical and result % 
odof 


ina higher degree of accuracy, if properly | made, than do other ground a gall a 
* Specifications and planning throughout all parts of the "project are 


Personnel : requirements for efficient mapping g should be high. 
nng | The writer agrees, in detail, with the report and desires only to 0 augment it. a, 
chief a DANIEL Kennepy, 2 Assoc. M. —Topographie surveys, as treated 
akeas [in this re report, cover ‘ee subject of large- scale project mapping very well. 
tates FF } The report provides the private engineering survey organizations with a clear 
arties idea of specification requirements, and serves as a firm guide to the construction 
nent-— engineer and architect who use this type of survey. The specifications are 
ith» in confined to construction projects, how ever, and, as such, do not apply tc to topo- 4 
table graphic mapping in the general u use of such terms in national mapping. - As an 
arvals. ‘example, 12, 000 would be classed as a small scale within the Scope of this 


Teport, “whereas i in general mapping 1: :12, 000 is considered a large scale. ‘The 
classification of such maps, as defined, is satisfactory. = However, : @ map | of 


1:4,800 can well be used for a detailed construction survey as was done during 
the construction of Fort Leonard Wood, Missouri, in 1941. . 
= ‘Selection of Map Scales.—In projects of this type cost is a large factor. As 


such, ¢ a closer relation should be observed between physical factors and scale — 
rather than the comparison of one scale against another. 


? Chf., » Operations and Staff, Army Map Service, Washington, D. 
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grapher are dangerous is to accuracy unless the terrain is regular or unless the 
“Yodman is sufficiently experienced and familiar with the | » topographer’ 8 methoda 
_ to describe the features accurately. Tt is usually more accurate and time ‘SAV 
‘ing to utilize additional instrument setups than to cut brush. Much expense 
caused in most topographic surveys by lack of rodmen. The 
“difference between a good experienced rodman and an inexperienced one can 
easily ina variation of from 10% te in the of As 


In transit topography, two recorder, and : an 
the party chief) are sufficient on most surveys. — Many engineers ¢ consider 

the “plane table an awkward instrument to maneuver in difficult terrain. 
here is little foundation for this contention if the correct board is used. Af 
Sin. by 15-in. board can be maneuvered in the most rugged vegetation and 
Herrain without undue difficulty by an experienced man. Boards, 9 in. by 9in., 


— been used on small-scale mapping. elluloid sheets are in 


is 


A need exists for the education of users: of topographic maps. — 


if property made, than 1 do methods. 
tions and planning throughout al all parts of the project 


el requirements for efficient mapping should be high 


s, in detail, with the report 4 and desires only to augment it. * oe 
NIEI A 2A 30 M. ‘ASCE, Topographic surveys, as 
‘this report, cover. the ‘subject of large-scale project mapping very» well. 
The r feport provides the private engineering survey organizations with a clear 
dea of Specification requirements, : and serves as a firm guide to the haga 


en, neer and Sremitect who use this type of survey. _ Phe specifications ae 


< construction projects, however, and, s as such, do not apply to topo~ 
graphi hic mapping in the general use of such terms in national mapping. — As an :- 
le, 1; 12, 000 would be clissed as stall seale within the seope of this. 
Teport, wh mapping 1: 12,000 is considered a large scale. T The 
“dassifi tion of Such maps, as’ defitied, is satisfactory. ‘However, map of 


300 camwell Betused for a detailed construction done during 


Selection of Map Scales. of this oon cost is a large 
elation stiould’ be observed between physical factors 
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Classification of M aps to Accuracy.— —Map | be a 
nction of the scale—that i is, the limiting plottable distance should be e accuracy ae 


' ‘ for that particular se: scale. . It then follows that at a scale of 1:12 ,000 the accuracy 
. - _ would be approximate to th the nearest 1 10 ft i in position. Since 0.02 in. would be 
the limiting plottable error, ata scale of 1: 1240, this would equal 4.8 in. ‘Using 
standard orders of survey § accuracies, then, ity would bea a simpler m: matter to decide 
which order would suffice for a ‘particular scale. 
At times auxiliary « contours are necessary to depict the | ground. However, 


aa 


¢ a unless used with discretion, they are re likely to confuse the map Teaders. It is 
better to select an interval and ‘ ‘stay with it.” 
se In writing specifications for mapping work, the writer should always bear 


in mind the local field problems a as well as the use to which the m map will be p put. 7 » | 
The topographer should have some latitude in interpreting the requirements — 


should not be restricted to ‘o certain specified mea means of action. Proper s super- 
sion and inspection will much ‘speed of completion a and 
Method of Development of M stated, several methods 
care available. The writer’ s preference would be the plane table, supplemented 
by air photos if possible. It is practically impossible to photograph areas at 
_low enough ene to obtain the required contour interval for a map scale 
i of 1:4,800 or larger. However, a topographer can use pictures flown at a higher 
, altitude for planimetric detail and place | the 2 contours on the sheet by field 
methods. As also | stated in n the report, the topographer can work on the 
res: but t usually the relief fona photo will cause enough displacement to to 
Transit stadia 1 method on certain areas will be satisfactory, but its use on — 
_ other areas will result in an entirely wrong interpretation of the ground. . Any — 
= survey that is tied into national or state systems should be monumented. The 
‘smaller ones that have an assumed datum can just as well be tied with metal 


* a ap Reproduction. .—The subject of of m map reproduction is covered sufficiently 


well in the report. . Usually the blueprints ‘are made because of an absence of — ti 


camera facilities. Whenever possible, photographic reproduction ‘should | be — 
made with glass negatives because even the best topographic base film ae 


Wherever possible, the map should be correlated with is controls. 
The use of state coordinates will add to the accuracy of the work by giving a 
~ check to the survey by tying in another part of the state system. Often, | 
enough points will be seieed to dispense with the requirements for an astro- _ 


about the vertical closure as given in A- -10(9) of the “Appendix.” 
. 4 The closure at 0.03 1 distance is of second-order accuracy, whereas most level- — 
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BLACK ON TOPOGRAPHIC IC SURVEYS 


P. Brack,’ M. *—In its analyses, nd in the 
given, this report covers the assigned subject very effectively. _ The: instructions 
= procedure, degree of accuracy, and methods, are well thought out and are 
most helpful to the surveying profession. — ‘The specifications for making topo- 
_ graphic maps for the first three clases of maps, and methods of making them, 


well stated. in an analysis of the the writer Proposes to 


_ First, the engineer determines the main use that the topographic map isto 
serve. The client may say, for example, that the : architect requires: 1-ft 
The 


= step is to decide the scale, and ‘the the degree of : accuracy, required ter the a ; 


two rodmen, ‘and two chainmen. A closed traverse is run, snd property 
lines are established. Tied in with this traverse are secondary base lines laid 
out on ridges, from which hand-level lines are run at right angles, ‘normal to 
contours. The party then runs a closed line of levels and establishes the 
elevation of the ground at all points ; where reference bench marks may . 
aaa The third step is : to locate, on the ground, all contour lines called for on 


survey. transit is used to keep the hand- level at angles to 


of the contour elevation of the next  vertieal in interval; that is: The computed ae 7 
reading for this interval is read by hand level. The distance is read by a a ra 
chainman using the base line as station 0+ wi rite 
- The sy system of ‘plotting ground points by means of right angles measured 
from given | base lines affords a quick means of mapping the correct location of 
‘contours. All errors resulting from interpolation are thus eliminated. 
_ For map § scales of 1 in. equals 100 ft, the writer has found that a sketch board — 
used i in connection with a teanuit-chadia survey is an efficient method of locating 


"The clesed horizontal and vertical control traverses are run as stated in 
- _ one and two and all transit points to be used for sketching are tied in to 4 a 
‘. these controls. A field party then consists of a sketch maker or map maker — a 
is and a trenitittedia party made t up of an instrumentman, , two rodmen, and one 
ss _ computer. . The st stadia “shots” are observed f from convenient stations t to locate 
all necessary - ground points, which, in turn, are plotted by protractor. et 


The foregoing procedure i is better and more accurate than the usual plane- 


Cons. Engr., Associate Prof., Civ. Eng. Dept, Georgia School of Technology, Atlanta, Ga. 
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STIFFNESS RELATIONS IN 


PRISMATIC MEMBERS 


OEsTERBLOM, 2M. ASCE. ~—The idea in n the title of this paper 
_is excellent; and the author promises a , development that is much needed for a 
quick adjustment of moment schedules of a framework to which changes 

‘made—particularly, in industrial construction where loads so often must be 
shifted ar and Sections | changed. It remains t to be demonstrated that the paper 
fulfils that | promise. The third paragraph of the “Synopsis” and the examples | 
_ that: follow it suggest that | the author may have a broader scope in mind: A 


ae universal | method as a convenient substitute for the Hardy Cross relaxation 


An truth: appears in the statement (second paragraph of the 


“Since the moment at a given section in a continuous structure is a function 7 
_ of the stifinesses of the various members, the differential of the moment 
- (or moment differential) is a function of the differential changes in the 


stiffmesses” 


: but this statement will not help very much unless the functional rglation be- 
me SH tween the moment and all the sections (or the functional relations between | one 

‘section and all the moments) can be given a very simple and true expression. kg 

In view of this fact, both the culminating Eq. 7 and the first sentence of para- 

graph three in the “Synopsis” seem incongruous. The complex 

ok Eq. 7 is most repellent; and to establish the moment-stiffness relation inde- 


: nee frame for each unit couple or unit force. How utterly impossible this task is— 

ina a commercial sense—is not ‘apparent from the paper, which demonstrates 
only primitive frames; s “and it is seldom that an engineer is given such simple 

fe ‘ea tasks. This is true for all the examples except the bents in the “ ‘Appendix.” 


2 Engr., Carbide & Carbon Chemicals Corp., South 


Notrge.—This paper by George H. Dell was published in May, 1946, 


pendently would mean the application of a few cycles of relaxation to the entire — | 
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OESTERBLOM ON MOMENT STIFFNESS. 


ar Not only is Eq. 7 unattractive, but the question may al also be asked: Is it te Mh 
_ “correct? _ Professor Dell declares cautiously (last paragraph of the “Synopsis” 
that the * quantities are only approximate representations 
the true changes.’ ” Tf it is correct, is it useful? Possibly it i is useful for design 
not for the correction of moments. basic formula, Eq. 1, was differ- 


d = Van Kap + Kan 
—leading to Eq. 2 2 . This differentiation i is omatiuatite only if the curves 3s of = 


slowly changing values of Kap and Vaz can be given a functional expression 

in relation to one another or to a fourth variable. What Professor Dell has 
in 1 mind, , seemingly, i is not this condition but a rather violent quantum variation 

of Kan, and tl thus: also o of such a a relation not permit 


Aemsaing, however, ‘that it is true; how useful i is it? “Can a 
_ ‘moment at any point. be found independently by taking advantage of the 
stiffness elements of the entire frame? Can moment corrections be applied at 
points by the section adjustment ata few points? ‘The profession will 
«grateful for Professor Dell’ ’s answer to this question, because it | will have con- 4 


An interesting challenge to test the paper would be its application to the 
‘ee in Fig. 1, expanded to a three-span, seven-story frame with fixed — 
foundations. | Can the author write the moment-stiffness relations for all points — 
of such a frame? This i is the kind of frame an engineer encounters intermit-_ 

_ tently and quite often. Applying the Dell method, an analyst would have a 

his choice (1) of computing all the nodal point moments (if this is what he © 

needs i in the design) or (2) of changing the size of three or more of the members 
4% in the frame > (this i is sania happens) and | computing the — to all _ 


‘The moment at t any point is not only a an n aggregate of superposed ‘moment ele- 


interwov because it is a complex assortment of many sub- 
ordinate series; and it is interwoven, because these subordinate series are inter-— 
mittently associated with, and assisting, one another. At the same time each 
Naturally, this: ; concept is is to be taken as a philosophical ideal only . Iti is ve a 


if “any one will ever be to give definite mathematical expression 


approach; but the 
. Sia ‘should be helpful nonetheless, both as a guide as to what still may be done * ie J 
a and asa warning as to what should not be attempted. The history of kinetics | 
is ample proof how true this is. ‘The great pioneers—Clapeyron, Maxwell, 
Greene, , Otto Mohr, Castigliano, ‘Williot, Manderla, , Miiller-Breslau, 
45 
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sequence of developments that follows, in the paper, is correspondingly — <i Fo 
and the superposition that leads to Eq. 7 is entirely out of order. Therefore. . 
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2 
ON MOMENT STIFFNESS 


“? Ostenfeld—all made important contribution ns to theory and enagner but they 


= 

toa colleague, distinguished his of all ion to methods of s struc- 
tural analysis. _ The structure w was a three-span, three- story, reinforced-c -concrete 
r building with different spans and story heights and with concrete elements fully 
designed. There were di fferent uniformly distributed floor loadings on each 
span, one load concentration on each of the three floors, and an applied wind | 

x load—in all possible | combinations. The problem was to determine all the | 


q maximum dead- load and live-load moments at the nodal points and in the 


_ This : colleague had | the ch choice of any one of the classical 1 methods available 
a at that time (and he knew them all); ‘but after three months of study he 
abandoned the problem as being beyond the reach of human effort. 
tt was only ‘when the r revojutionary m method of relaxation was introduced by 
‘Hardy: Cross,*? M. ASCE, and R. V. Southwell* that one succeeded—with fair 
economy of labor 1 and complete accuracy— —in computing the moments in a 
a - really complicated modern frame. The reason why this method succeeded ff 
— c Ties also in the underlying philosophy of the problem. By its progressive and "y 
alternate freezing and r releasing. of joints, the relaxation ‘Superimposes 


innumerable -redundants, hidden in as many e equations set up in 
_ hopeless" matrix of determinants, are eliminated. There is « only one of the 
| <udllien wa methods to which this does not apply: The gr: graphical method by Fidler, 
; ‘j later developed by Miller-Breslau for continuous beams and arches and by 
_ Strassner for continuous f rames. This method also has given designers a device 
for mastering the difficulties, and it should be used more extensively. ae é 
- The critical parts of this discussion are not directed to Professor Dell only; 7 
but to the many others who have tried to eclipse the Hardy Cross method by | 
offering a better one. No doubt details of procedure can be improved upon; | 
but until a definitely superior ‘method is ; discovered, which fits the soot 
~ of the problem better than the relaxation method, it is. mere waste 0 of time and 
paper to try the impossible. Details of can be improved: Many 
already have been offered and accepted by the profession. Those who aspire 
to ‘be pioneers “might be more successfully constructive if they worked along” d 
je - these lines and also with the comparatively unknown graphical solutions. © ~_ 
wie | Professor Dell merely intended to present a rough and approximate solu- 
- tion for simple frames the answer is that a one-cycle relaxation will do equally — 
well; it will be just as rapid—if not more 50. 3 Two cycles will b be required for 
heavy point loads only, especially if they are near the supports. Even the 
aus old equation offered by Clapeyron in 1857 would do as well; and ir in most” 
‘such cases it would be better than Eq. 7 proposed by Professor Dell. wey -_ 


«‘*An Introduction to the Theory of Elasticity,” by R. Vv. Southwell, Univ. Press, 1936, Pp. 
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"CRITICAL STRESSES IN A CIRCULAR RING RING 
"Discussion 


RoBERT H. PHILIPPE AND > FRANK M. 


RoBERT R. PHILIPPE" AND > FRANK M. . MELLINGER, 16 Assoc. Menpens, 


ASCE. 16a__The development, by Messrs. Ripperger and Davids, of L. N. 
si d } Filon’s formal solution to evaluate the critical | stresses i in circular rings is an ex- 
“cellent contribution, particularly i in the testing .g of brittle materials. The original 
—_ a } application of the “ring test” is attributed to Max M. Frocht of the Carnegie 
ses  —} Institute of Technology, Pittsburgh, Pa., who had used this type of test to 
that 
ae Semet the tensile strength of bakelite. Inasmuch as the shape of specimen > 
. ‘required i is easily cut and drilled from cylindrical cores, the test was adapted 
he the testing of concrete and foundation rock in connection with the design 
of concrete dams. More recently the test has been applied with promising © 
i: fy results to the evaluation and correlation of aggregate qu quarry cores. However, 
tothe application of the ring 
test in determining the . 
cal properties of the more 
massive types of ne 
| If the tensile strength | of 
| a brittle material is deter- 
its compressive strength 7 


measured by an unconfined | 
compression test, these two 


6. —Monrr’ ENVELOPE or RupTuRB 


Mohr’s” envelope | of rupture for perfectly brittle en- 
velope can be expressed as as Coulomb’ 8 
c+ ptan 
ea Notz.—This paper by E. A. Ripperger and N. Davids was published in February, 2066, ee 
4 Senior Engr., Ohio River Div. Laboratories, Mariemont, 
aus dem Gebiete der Technischen Mechanik,” by O O. Mohr, W. Er Ernst, Berlin, 1914. 
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AND MELLINGER ON ‘RING Discussions 


is the unit shearing strength; c is apparent 1 unit 


is the unit normal load; and ¢ is the angle of internal friction. Lees 


examination, the following ; relationship of ¢ and c in of 


The application of the ring test for measurin g the tensile strength of sail 

- does make use of the assumption (upon which he authors’ computations are : 

based) that the tested material is truly elastic. Within the limitations of this as- _ 
to _ sumption a ring ‘specimen prepared and tested as described i in this paper will 
yield the tensile strength a brittle material by applying a an adaptation 


Photographs of nominal rock spe specimens 3 in. and 6 in. in diameter which have 


q 3 


The compressive strength is measured by a compres 
ve test on the rock. A specimen is prepared by cutting a rock core i into 8 


_ equal to about twice the diameter, then lapping the end surfaces until 
are truly perpendicular to to axis of core. Extreme care in 


~~) 


— 
— 
— specime 
shown on this pa rles of rupture 
; 5 break shown Or tion: The 


ctober 946 


Cie the 3 in manner are 2° to 5° ‘greater 
pe found by the measurement of fr and fe. In the case | of the Sutton sand- 
stone, illustrated in Fig. 8, the angle of fracture varied between 68° and 70°, 
7 _ By Eq. (24 the angle of internal ee is computed to be between 46° and 50°, 


as against the value of 46° determined by the measurement of f; and fe. | _ 
TABLE 3.—TENSILE STRENGTH, WITH Compurep VALUES OF THE ANGLE 
oF INTERNAL FRICTION AND THE COHESION COEFFICIENT c, 
Rock ‘FROM Sevecrep Dam Sites 


Internal 
friction 


Mining City, Ky.. 
Mining City, Ky Sandstone 
Sutton, W. Va. gray sandstone 
Berlin, Ohio Brown, fine-grained sandstone | 0. 
Gray, medium-grained, friable 

sandstone 
Hill, Tenn.....| Hard, fossiliferous limestone 
Wolf Creek, Ky Hard, gray limestone 
Falmouth, Ky Medium, crystalline, very 

 Buggs Island, Va...... Gray, granatoid gneiss 
Conemaugh, Pa Sandy, medium hard siltstone — 
Allatoona, Ga. 
Allatoona, Ga. 


Ratio of the volume of voids to the of the solids. 


42 
26 
34 
31 
27 
40 
37 


Table 3 lists some dam sites at which foundation have yielded 
> 3-in. and 6-in. rock cores that have been tested by the measurement of fe using © 
the ring test and f.. The results are encouraging in so far as they are consistent ee, J 
with the classification and the relative appearance of these rocks. In addition ao 
there is a degree of correlation between the type of rock, its void ratio, andits 


physical properties as revealed by this method. 
Further means of checking this procedure can be obtained by conducting 
‘en tests on cylindrical specimens. — Steps” in that direction are already — 


_ being taken by the staff of the Ohio River Division Laboratories. | ‘However, 


the triaxial test requires apparatus and technique far too complicated for normal 
/) use; it is anticipated that its greatest value will be in obtaining 1 measurements _ zr 
ofs stress and strain on the more critical specimens revealed by the ring ng and 
‘The need for a ¢ dam in sonie general | locality is is not often fixed by the quality ee, 
of its foundation. - 7s The i increasing size of dams, the complication of types of 
concrete ‘sections, wa the price competition of earth dams are making it it more 
necessary to take advantage of all there is to know of the physical properties — 
of the materials of construction. a It is believed that the ring test for Aarne 


‘strength determinations will be a very useful means of judging these properties. 
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ons LIPPE AND MELLINGER ON RING STRESSES 1187 if 
on: ohnson’* should bear the following relationship to the angle 
s of & 
22a) 
22b) 
rock 
are 4 
258 3,050 762 762 | 37 a 
5 135 | 6,1 1,665 
(23) 077 | 9.470| 1.537 | 1907 | 
184 | 7,280] 1,244 | 1,500} 45 4 
have 232 | 5,720] 1,116 | 1,268] gm — 
019 | 8,326] 3,540 | 2,715 | ii 
the 013 | 13,100] 5,090 4,082 | 
019 | 15,200 | 4,280 | 4,030 | 
... | 18,607| 5,950 | 5,271 
1036 | 5,920] 2,215 | 1,811 
1005 | 25,400} 5.530 | 5,930 | Ly 
(007 | 21,300] 5,410 | 5,366} 
a 
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BY ROBERT ‘LE 


Lawns, Jun. -ASCE., . Dwicur F. _GUNDER, M. 

ASCE. 240A basis fe the design of structural members fabricated from thin 

_ sheets of steel has been presented by Professor Winter. Any design procedure 
should be kept as simple as is consistent with safe and economical practice. 
_ this thought i in mind the writers have examined the proposed develop- 
Sanende hoping to find a somewhat simpler approach for the designer. — It should | 
a emphasized that it is infinitely more simple to view a problem of this nature 


ee in retrospect, and that any contributions which this paper may ; make | will o owe FF 


their origin to the basic work of Professor Winter. 
_-- The author presents experimental evidence that confirms E. E. Sechler’s 
. data showing that the constant term in the von Kérman formula, Eq. 2a, should 

be replaced by a variable coefficient: which function of (t/b) VE/S 
This leads to the expression b=Ct E/S 2). sides 
by b, Eq. . 2b reduces to ‘he dimensionless form, 


ro 


stated ed by the 4 appears to a 


ay 
 Nors.—This paper rs George Winter was published in pees 1946, Proceedings. _ Discussion on 
this paper has appeared in Proceedings, as follows: June, 1946, by Fred T. Llewellyn, and Jacob 
a % Prof. and Head, Civ. Eng., Colorado Agri. and Mech. College, Fort Collins, Colo. olo. ’ 
% Prof. of Graduate Eng., Mech. College, Fort 
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which merely states that ih 
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‘a 
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4 
, it will be usted that 
7: 
> 


The nw | values shown in Fig. 2 were read as carefully as possible 
7 rom the graph and all values of the coefficient were multiplied by corresponding 


2 


values al the parameter, thus obtaining the experimental values of b./b. 


06 
— Wint Tests 


should 
nature 


05 
These values parameter (t/b) ¥ E/S as shown ii in 
‘Fig. 17. Asa a first approximation to the function (t/b) E78] the best 


straight line, fitted to these data the method of squares. Its 


sii 
Tnorder 1 to compare Eq. 6 with Eq. 18 in test values of Fig. 2 were plotted j in 
Fig. 5 and on a graph of Eq. 18. Standard deviations from each curve -o- ra 
computed. The standard dev iation from. Professor Winter’ s curve was found 
to be 0.084 and that of the straight line was 0.113. The difference in standard — a) 
| deviations is caused | by the wide scatter of three. points o of the Sechler data for Se 


which the value of b./b was approximately equal to .” Although it is felt that 
p with the limited data available the straight- line approximation is probably as 


B ‘tisfactory as as any other, the F-test for g omens of fit pees show that Pr ofessor 
Winter’ r’s curve is si 


p otted against the param 
: 
— 

a 
— 
— 

4; 

thin | | | 

chler's 
— 
— 
— 
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«LEWIS AND GUNDER ON THIN FLANGES Discussions 


second- expression for to the given n data, as 


E ~09 iation = = 0.0 (19) 


S 


Eq. 19 corresponds | to » Eq. 6 of the paper. ee 
Rese this curve is a ‘slightly better fit than n Eq. 6, it is mn significantly 
_ Noting: the apparently wide discrepancy it in coefficients in Eq. 19 and 


a is so large for a b./b-ratio of nearly unity that more exact methods are 


3 


Eq. 18 itself in design problems. 


4 In view of the foregoing discussion and the fact that a more careful study 
f the behavior of b./bi is needed i in the range 0.7 = b,/b = 1 it is suggested that, 


“until more data a: are available, Eq. 18 be used for This elimi- 


Inco con lusion the writers. would like to call attention to a few ‘mechanical 
i 


improve nts which could be made in the } paper: 


et ie Fig. 7 would perhaps be be more useful if the ordinates 1 were values of b./b 


coefficients such as 1 .0906. 


ae 3. _ Averages of the ratios d,/d, and d2/d, were the criteria used to judge the 


validity of using the equivalent width as a basis f for determining: ‘deflections | 


Actually, it is the standard deviations of the values of and about 


= 


the reliability of the results. 


‘these means which are the more significant measures. In the light of tl these 


1 more accurate picture 


re. 8 


ie The number of ‘significant figures is is misleading i in several places, as, ng 


deviations, the use of be for of deflections is far more superior 
than is indicated in the p paper. mn 
a 4 . Finally, 1 not only in this | paper but in all publications it would be ex- 
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ANALYSIS OF UNSYMMETRICAL E BEAMS 
METHOD OF SEGMENTS 


Discussion. 


BEN A. CONWELL, RALPH w. HUTCHINSON, 
THOMAS P. | REVELISE 


é 


a 


mentals and thus eliminating elaborate tables. Thus, it appeals to the engineer ~ 
. who prefers to visualize structural action while making his calculations rather 
than to read results from tables and then interpret them. A favorable com- 


parison between the results of the method of segments sand the ‘so-called ‘ Nexact”? 


methods referred to by t the author i in the ‘ “Synopsis” and ‘Summary” is 


dependent upon an any approximation inherent in the method. The only ‘element 


_ entering the procedure and likely to affect the accuracy is the degree to which — 


A. ConweEtL,‘ M. ASCE. ‘<The given by Mr. Lifsitz 
to this important subject hee the virtue of maintaining close contact with funda- 


4 


the « shape of the beam upon which tables or charts (such as those of Figs. 8 


_ and 9) are based conforms to that of the beam being analyzed. a 


Despite the fact that the material of the paper is not unduly complicated, — 


itis not easily read. The reason for this difficulty may be traced to two items— 
organization and sacrifice of clarity and fullness for brevity. 


and Carry-Over Factors” and then, under “Fixed-E -End Moments a sharp 


div ision of the steps of the ‘procedure as follows: 
Bending moments in segmental spans AO and OB: load F's 


2, Bending moments in beam AB resulting from na vertical load at point 0; 


at 3 . Fixed-end | moments in beam AB resulting from load P. 
an 


A clear of the s intention at the each division 

ae An example of brevity at the expense of clarity is evident in the se second | 

| paragraph under “Fixed-End Moments.” The first sentence—“Assume a 


Notse.—This paper by Sol Lifsitz was published in March, 1946, Proceedings. biel? 
‘Gen. Engr., Structural Eng. and Design Dept., Duquesne Light Co., Pittsburgh, P 


Unlike the “‘T ypical Example” which is superlatively organized, the pre- 
ceding theory does ‘not proceed logically t to a solution. If the theory were to 
parallel the “Typical Example” there would first be a treatment of ‘ ‘Stiffness * 
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4 ment” is usually’; associated with the relaxation of action a sup- 
port of a loaded beam. In the instance under | consideration, removal of the ij 


temporary : support at point O would cause no settlement because the beam is 
not loaded. : If, then, it is desired to produce a deflection at point O, it must be 
done by positive action—that is, by placing loads on the beam. ~ Only one 
_ condition of loading—namely, a . vertical load at point O—fits the requirements | 
of the problem, however. It is suggested, therefore, that this step in the o 
- process of determining fixed- end moments for span AB be considered m merely a 


- the computation of the bending moments at points A and B resulting from the 


pplication of a vertical load at point O. Thus, yo is considered a means rather 


; han an ¢ end and i is relegated to the background Ww here it really belongs. = Bail 
_ In omitting the derivation of Eq. 2 brevity i is achieved at the e expense of 


and the introduction of rich background material. Although | this 
r 


elation has appeared elsewhere,5 it would seem more in keeping with the au 
a ’s practice of | dealing i in fundamentals if a more detailed reference or a 
demonstration were included. The relation goes much deeper than the “ prin- 
z ciples” of moment distribution which really furnish only the definitions of the 
terms. The full implication of = equation is apparent : only upon return to ‘the 
— “pendent | of the order of application of t the forces. 
A demonstration similar to the following would seem 


Ifa moment Kant 64 is applied at Ac of a beam 

AO while point O O is restrained against 1 rotation, it 


ai produce : a rotation 64 at end A and induce a 


bending moment, Kao 04 Cao, at point 0. A sim-_ 

ilar application of a moment Koa 60 at point re) while 

end Ais restrained will produce a rotation of at 

“point 0 and induce a a bending moment, Koa 60 Coa, at en end A. The beam AO & 5 
under the simultaneous action of these: moments is shown in ‘Fig. 11. . The 4 . 
work of end moments in the order Kao Koa 

ation in th 0480, Kao 0a give 

W= 4 Koa +3 Kao + Koa 80 Coa (208) 
Equating these expressions gives: A+4Koa + 04 


94 Cao) 80 = (Koa 80 Cos 


2 rotation Ba, ‘multiplied by the rotation 60, equals the bending moment at ° 


In general terms, oe. 21 states that t the bending moment at point O, induced * 9 : 
4 


<p end A, induced by a rotation 809, multiplied by the rotation 64. In particular, : Re 
**Design Constants for Beams Nons 
symmetrical Straight by August L. Ahlf, 
Vol. 110, 1945, p. 1019. 


J. 

— 
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and a statement of this relation becomes es simply: ‘The bending » moment at 


point O induced by a unit rotation at e end A equals: the bending moment at at , 


ibe end ‘A induced by a unit rotation at point 0. The e principles involved are ‘2. 
one evidently those of the Maxwell reciprocal theorem. __ 
nts _ Clarity again appears to be sacrificed in the twelfth paragraph under 
ced-End Moments” in the sentence: 
“Since thie required to restore point O to its original position is evi- 
ther | dently equal to F,,04, it is clear that an equal but opposite force is acting - 7 
“a - is suggested that this step, after computation of the reaction F,04, be ¢ con- 
Replace the 1 reaction, F load OA. 
ong Of course, this action will leave the state of stress and deflection in the beam 
the Precisely as it was with the in place; bat may now pe 
a iia 2. By the method outlined i in the discussion of the second paragraph u under : 
| “Fixed- End Moments ‘compute the end moments resulting from a vertical 
downward load at at point O equal to Fy,04 and a acting alone on beam AB. 
a 3. - Superimpose the loading and bending conditions of the second Paragraph — 
yam Of those of the first paragraph. The equal and opposite loads at point 10) 
it and are those resulting from P only. 
ace a 7 Although Figs. 8 and 9 could have been omitted, their inclusion is com- 
‘sim-— ; mendable i in that they round out the paper and make it a fairly complete tool. 
while UY alues more accurate than 1 those that can be read from the diagrams may often 
Ho at J .* desired but they are readily available in standard tables, as the author 
n AO ¥ states. _ A description of the shape of beam upon which Figs. 8 and 9 were 
The based would be of value. The e application | of tables for straight haunches® 
Soe. to the beam of of the “Typical Example” yields the values Kap = 0.294 E, Cap 
(200) i: =0. 541, En= = 0.159 EZ, and Cpa = 0.997. a When these values are compared 
those of the “Typical Example” (Kaz = 0.168 Caz = 0.583, = 
int of © 0.105 E, and Cea = 0.933), some idea is obtained of the extreme variations in — 
these characteristics resulting from differences in shape only, 
(20b) rr In view w of the foregoing it may be concluded that, despite reading made 
“difficult by easily-removable obstacles, this paper has a more- -than-ordinary 
‘4080 FR value and that the presentation of the “ e “Typical Example” ’ is far superior to = 
W. Hurtcuinson,® Assoc. _M. ASCE. he method of segments is 
red by fm similar to a method developed by engineers of the writer’s organization for — 
ent at [a _ obtaining the properties of beams with intermediate hinges from those of the — 
cular, beam, or the same beam without the hinge. The of the 


_* Associate Bridge Engr., State of California, Sacramento, — 
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16. 3 ft. ‘From the tables in Mr. Lifsitz’ ‘paper (FEM), = 


ON “METHOD OF SEGMENTS 


can usually be from published data 0 on 
_ beams with hinges are meager. 
As in the method of segments aren is firet together | 
s with the moment of inertia about its centroid and the location of the centroid. 
_ Because of the similarity between a beam with an intermediate hinge and one 
ilas used were based on the properties of a 
i hinged « at one end. * By this method a formula for the elastic area A may 
be expressed i in terms of the beam without first. ‘solving for. the 
ie of the centroid. — For comparison with the formula used by the author, 
this formula n may be written in terms of s a beam fixed at both ends by including 
the factor Cap X Cpa): 


A. 


1 — Cap X Cpa) 
The properties of the hinged beam are wenn by fit first finding the moment 
of inertia of the elastic area about the hinge. Inthe following formulas, the prop- 
a erties of the hinged beam are indicated by adding the letter H to the letter sym- 
used for these same properties in solid beam: c= —a;ly=I+Ae; 


=7,) Kean = = —;Caan = +358 ndd = = 


Applying the ying equations to the solid beam in the Lifsitz paper 
= 2,612; = 19.85; a= 7ft; b = 28 ft;c = 19.85 — 7.00 = 12.85 


ning 
ft; = 2,612 + 58.8 X 12. 85 12 332; 00397; 


and @ = 12320 
= = 0.0636; CapH = : 


= 8. 82; and 
FEM)s = =1. 69. For graphical solution the can plot a simple beam 


. ’ moment diagram and draw a closing line through the fixed-end moments for 


the solid beam. The ‘closing line for the hinged condition is drawn through 


line at the conjugate point, 


| After the properties of the beam have been obtained, fixed-end moments 
‘may be obtained by either | graphical or analytical means. An illustrative ex- 

ample of the | graphical method is given in which a hinge is inserted at the fifth- 4 
point in the beam used by the author to illustrate the method of segments. 


7 ‘The fixed-end moments aré computed for a load of P= = -1 at 12 ft from end . 


Time often does not “permit an exact determination of the properties of 
beams of unusual shape, and | every ¢ engineer has had to rely o on n approximations 
extrapolated from working tables. — Even though these approximations are 
~ usually | close enough for the inadiaaa there is a real need for a quick < method of 
—_—" results with a precision equal to » data picked from charts for regular 
beams. The method of segments gives promise of meeting this need, but « fl 


= required for the computation of fixed-end- "moments is disappointing. 


> 


— 


Discussions 
— 
5 
— 
— 
q 
é 
4 
— 
=... 
— 
— 


ive ex- 
fifth- 
ments. 


q — with multiple cover plates of varying lengths, placed unsymmetrically over 


REVELISE ON ‘METHOD OF SEGMENTS 


termine the elastic of the beam and then compute fixed-end moments _ 


ars Before deciding for r or against the adaptation of the method of segments as .. 


_ working t tool, one, should compare the work rk involved in a complete solution with — 


= 


“the work required by a method of “multiplying factors.” Such a ~~ 


was developed by Carl Wagner, Jr., Jun. ASCE, from 


- 


of this writer does n not. consider the -method 


general in scope as the author implies (see “Summary”): 


a, By readily available curves similar to those in Fig. 9, together with a 


simple equations,’ influence-line data for fixed-end moments for any 
_ unsymmetrical beam may be quickly tabulated. ail 


Curves cannot be constructed either for use alone OF in ‘conjunction 


supplementary methods for computing beam design constants if the shape . 


| 4 cross section of the Member i is sufficiently discontinuous. — _ Several important 


typ pes s occur in this category. a familiar example i is the continuous plate girder, 


supports and elsewhere in the spans. In this case, the moments of inertia at 2 
— short successive sections are both variable and discontinuous, and there is no . 


* Highway Bridge Engr., U. S. Public Roads mania ‘Atlanta, G a. 


sions October, — | — 
ther 
320 
VERA bg 
and 
beam — 
its for 
rough 
oment 
ments 
gg 
ties of 
q 
ns are .— 
of 
regular 
age — 
ima 


re 


1196 REVELISE ON METHOD OF SEGMENTS Discussions 


short cut toa a rational solution. ‘The problem i is also encountered occasionally im 


in the design of reinforced concrete beams whose cross section at successive 7 


Ths few exceptions | do not detract from the merit « of Mr. Lifsitz’s method 
and other short-cut methods, which are applicable to most cases encountered 


in routine structural practice; but it is well t to remember that these methods are 
necessarily based on certain ‘assumptions 1s of geometric continuity, which, if 
: not f fulfilled, make recourse to a so-called “exact” ” analysis — the only remaining 
Be In view of the considerable interest in this subject, evidenced by various — 
published papers, the writer like to say a word about its most neglected 
- -phase—the exact procedure. Most writers ‘seem agreed that an exact pro- 
- a cedure i is too i involved and | unwieldy { for practical use. The reader is invited to 
accept this pr premise without question, since, as a rule, no comparative demon- 


is given. Although most textbooks on structural analysis present the 


theoretical fundamentals, few writers give consideration to a well-coordinated 


_ exact procedure arranged to yield, with a minimum of computation, the answers 


- in which the is primarily int interested— stiffness 


lines for or (FEM) at both ends) 


aes if properly organized, a an exact procedure for the determination of beam i 
‘design constants i is much less than i is generally appreciated, and od 


used in deriving | the necessary expressions. Writers ¢ of today show a prefer- 
ence for the method of column analogy. Other variants, ‘such as moment am, : 


= work, or slope deflection, can be used with fully comparable results. a 


: Several years ago, the writer arranged a tabular form for the analysis | of 


- unusual and borderline cases, which is offered as an example of ae can be 


basic were obtained by developing, algebraically, the f unda- 


—and using summations instead of integrals. approached i in this 
; Bi: Dae manner, the most advanced mathematical operation is found to be the solution | 
(for this problem) of two simple simultaneous equations. The resultant ex- 

ys p pressions were then se separated into component: parts and rearranged in in orderly 

Bs _ fashion in a tabular form which is nonmathematical in character and can be 

5 executed without reference to the theoretical derivations. 


‘The member to be analyzed i is first drawn to a convenient scale : and divided 


the center of each section is sealed, and of I= uted 
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October, 1946 REVELISE ON METHOD OF 
TABLE 3.—COMPUTATION OF CONSTANTS FOR BEAMs WITH 


Moment or INERTIA (Unit Loaps SuccusstvELY 
Points 2; WipTH OF Beam, 1 


Col. 3 Col. 3 Col. 4 = Col. 7 = Col. 5 Col. 9| Col. 10 Col. 8 
times minus minus | minus | minus times times 
Col. 5 | Col. 42 |Col. 72-1) Col. 52 |Col. 92-1) q 
@m | | | ao 


12.76 


ton 
or 


SS 


SOR 


0.16 


“times Col. 14 Col. 15 | Col. 16 


times lus 


A 8/1 


ap as | 


0.043 
0.089 
0.01 
0.094 
0.077 
0.056 


Col fe Col. 14 
minus 


minus 


| 


No 


entered in Col. 2, Table Successive operations | are indicated under 
each column heading; and, upon -ompletion of the form, , all necessary design 

|= including fixed-end moments at both ends for unit concentrations - 
at the e tenth points are obtained. The e meaning of the headings for Cols. 7to 


a 10 may be further clarified by reference to point z = 3, as follows: ace - 
— Col. = 2 ol. 4 — Col. 4. = 447 — (1.03 + 0.79 + 0.61) = 2.04 
= 2 Col. 7 — Col. 72-1 = 12.76 — (3.44+2.65) 6.67— 


= Col. 5 5s = 1.50 — (0.05 + 0.12 + 0.15) = 
Col. 38 — (1. 45 + 1.33) 


sive — 

an 

po @ | @ | 

tthe 

} 
ated 
ents 

this (point | minus Cc 
No.) | Col. 12 18/Col18 

y | Col. 4 | Col. 21° 
0.398 0.887 0.95 | +0.030 0.013 || 0.98 | 0.93 a 

an } 0.036 || 0161 | 0208 | os | || 0.21 

+. — 
>= 

— 

— 
pute 


a REVELISE ON METHOD OF SEGMENTS 

‘The example used to the procedure was chosen to afford a compari-. 
ify _ between computed values and those: obtained from available curves. The 
procedure remains the s same, Tegardless of form the dissymmetry or 

_ or Forms of the type of Table 3 can be a" independently by other methods, - 
rt or the form illustrated can be be altered o or r modified to to suit the n needs or 8 or preferences 


of the user. 


for s: In Merk, 1946, Proceedings, on page 324, 
line 6, change “AB” to “OB” and “fixed-end moments” to “final /end moments” ; i 
OP, to ” in two places i in Fig. 2 and in the unnumbered equation preceding 
Eas. 20; “mM! ac to ‘oa”’i in Fig. 3(b) “m"'oa to 40” in Fig. 3(c); ” 
to 0a” in Fig. 4; to Fig. 5; to “x” in Eqs. 9 and 12; 
on page 327, line ll, 4" to “r ho” in “Fig. (hy = = rh o) 
and to “z ” and in Fig. 9; on 
-—page 333, the values to x = 0.4 in Cols. 12 14, Table l, from 
a “3.05” to “2.98” and “8.82 82” to “8.75, ” ” respectively ; on page 334, line 32, 
to “E I,”; and, on page 335, ines 9 and 10, change ‘ right end” wan 
“left end” to “hinged end (see Fig. 3)” and “‘fixed end (see Fig. _ 3),” respec- 
tively. Delete the first ps parenthesis in the ‘term of the | of 
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TV. HAUER 


pec- a concrete construction with the necessary modifications; but it is not satis-— 
dual factory i in the case of steel beams. 


Even if the spandrel i is assumed to be connected to the columns i in such eo) 
way that the end cross sections are free to warp, , there must be one section in es 
the central part of the spandrel which remains plane and which is therefore the 4 

origin of a certain stress irregularity. | In 1 steel beams this causes a considerable — a 
increase of the torsional stiffness, changes the distribution of the shear stresses, 
‘and gives rise to normal stresses in the middle of the girder. The latter are of — 
much more interest than the shear stresses, because they are additional to the 7 
bending stresses that generally govern the design | of the spandrel. ‘i 

& Checking Example 3, by the use of the approximate method" of S. _Timo- 
thenko, shows that the torsional stiffness of the spandrel i is! 2.11 times: as great 
a8 that computed by the author and that the additional normal stresses in the 
flanges amount | to 2 ,780 Ib per sq i in. —a quantity which can hardly b be con-— 
sidered negligible. _ The shear stress in the web due to torsion alone is cone 

to be 48% higher than the value given by the author. Vers » 

In the behavior « of a spandrel as as used in concrete is 


in as by auther, is sufficiently accurate, if applied to 


8 whole, whereas an because of its particular 
such irregularities. In the quarter points: of the ‘spandrel investigated 
S Example 3—that is, at a distance from the center equal to, about three and — 
one-half times the depth | of the beam—the additional normal stress in the 
fanges due to torsion is still 35% of its maximum value. — ‘It might be stated 


i= 


_Nore.—This paper by J. E. Lothers was in pees. Discussion of this 
has appeared in Proceedings, as cane 


Zeitschrift Mathematik Vol. 68, 1910, p. p. 
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_HAUER ON SPANDREL GIRDERS 


ion of restraint: against warping of its end sections, stiffness 

generally be determined in advance, but is is governed by the final distribution 7 
: aot of the torsional moments in the entire e spandrel. Therefore, both the method 
of moment distribution and the slope-deflection suited fail in problems like 
those discussed by the author, except in the cases where only one floor beam or ; 
two symmetrical floor beams into the spandrel. ‘In all other cases only 


the classical method of f redundant moments offers a solution. 


Correction for hiiiiiitiese On page 314, fourth line from the bottom of ” 4 
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